Docket No. 1340-1-017 
CHOLINE BINDING ^« R ™ ™ SES THEREOF 

.m*. «f a NMerminal choline binding 

protein A truncate. The mvenfon also relates Dneumococ cus, and to 

elicit protective antihodics to hacterial md passive 

todies and antagonists against ^ ^ ^ — g L P ol yP e P ttde are 

invention is directed to therapeutics usrng the polypepttde. 

8n " B1 * B k I t bacteria, adherence of pneumococci to I— cells ,s 
respiratory tract. Like most eukaryotic 

25 Mhog 17.361-374). Pn , ( . teen proposed tot the conversion to mvas.ve 

beviewedasasymptomanccamage. Ithasbeenp P 

drseasetnvolvestheloca^^ 

- --^sening, 

etal. (1995) Ataur*, 377.435 438). r - fthese unregulated receptors, the 

35 (Idanpaan-Heikkila, I. *f a/. (1997) J. in 


in .his regard are somble earbohydra.es containing ,acto-N-neo,etraose with or without 

and prevent colonization in the lung in vivo. 
CMinemSnspro.einscanaidates.ruc.uraladhesingene 

Pneuntococci prodnee a family of surface proteins capahie of bmdmg to the ha terra 
surface by non-covalent association ,0 the eeil wal, teiehore aeid or hpotetehore actd. The 
I f S^™ - — d wrth a family of CBPs CCho ne 

BindingPro,eins>tha,arenon-— 

75ffi snrfaee-exposedeholi„ebi„din g pro,ein,ha,showsae M rnenearch,tech,,The re 
I a^ue N-termina, domain a proiine rich region followed by a Cternrrna, donrarn 
comprised of 10 repeated region responsible for binding to chohne. 

CbpAisa.adhesina.gandKor the glyeoeonjugate containing receptors present on the 
5 s Iceofeucaryo,icce,ls. Mutants with defects in c bp A showed reduced vrmlenee m 
the infant rat model for nasopharyngeal colonization- This binding is directed to chohne 
determinants which decorate tbe teicboic acid and ts mediated by a signature chohne 

dom ai„ was discovered and fully characterized b, Lopez e, al. in hrs stndres o the 

containmg this domain include the antolysin of the pneumoc occa p a e and the 

CbpA fail - o colonize the nasopharynx domain which is shared with its other famr* 

„n pneumococcal attachment to human cells as a prima, step tnternrpt on of b 


20 


25 


30 


10 


Choline binding proteins for anti-pneumococcal vaccines are discussed m 
International Application No. PCT/US97/07198 and such PCX 
incorporated in its entirety by reference. Current vaccines against S. pneumoniae employ 
purified carbohydrates of the capsules of the 23 most common serotype, , o f th» 
bacterium, bu, such vaccme is only 50% protective (Shapiro e. al. NJEM 325:1453, 
199 1) and is no. immunogenic under the age of 2. Further, a therapeutic polypeptide 
would offer a therapeutic option in eases of infection with multi resistant organisms. 
Therefore, the invention herein fills a long felt need by provrding a protective vacctnes. 

"TIT n l.'.PV "F THB INVENTION 


The present invention provides an isolated polypeptide comprising an am.no acd 
sequence of a N-.erminal choline binding protein A .r„nca.e. The polypeptide compnses 
the amino acid sequence as se. forth in SEQ ID NOS 1, 3- 7, or 9-U, including 
15 fragment mutan.s, varianis, analogs, or denvatives, .hereof. Also, mis mvention 

pr0 vides an isola.ed polypeptide comprising an am.no acid sequence <** »*™* 
ch 0 ,ine W ndin g pr„teinA,runca.ehavi„gtheaminoacidasse«for.h.nSEQIDN024, 

wherein the polypeptide exhibits its tertian stiucture and methods of preparation such a 
polypeptide. The isolated polypeptide are suitable for use in immunizing annuals and 
20 humans against bacterial infection, preferably pneumococci. 

in a still further aspect, the present invention extends ,0 an N-.erminal choline binding 
protein Atruncate having lectin activity and no choline binding activhy. Still further, tins 
mvention provides an immunogenic N-termina 1 choline binding protein A tiunea.e or a 

25 fragment thereof. 

The present invention a!so relates to isolated nucle.c acids, such as recombinant DNA 
molecules or cloned genes, or degenerate varian.s thereof, mutants, analogs, or fragments 
thereof which encode tire isola.ed polypeptide or which competitively inhibit the ae..v,ty 
30 of.hepoiypep.ide. Preferably, the ls o,a,ed nucleic acids which includes degenerate, 
variants, mutan.s, analogs, or fragments .hereof, has a sequence as se. forth rn SEQ ID 


NOS: 12, 14-17, 19-22 or 23. In a further embodiment of the invention, the full DNA 
sequence of the recombinant DNA molecule or cloned gene so determined may be 
operatively linked to an expression control sequence which may be introduced into an 
appropriate host. The invention accordingly extends to unicellular hosts transformed with 
the cloned gene or recombinant DNA molecule comprising a DNA sequence encoding 
the present invention, and more particularly, the DNA sequences or fragments thereof 
determined from the sequences set forth above. 

Antibodies against the isolated polypeptide include naturally raised and recombinant^ 
prepared antibodies. These may include both polyclonal and monoclonal antibodies 
prepared by known genetic techniques, as well as bi-specific (chimeric) antibodies, and 
antibodies including other functionalities suiting them for diagnostic use conjunctive with 
their capability of modulating bacterial adherence including but not limited to acting as 
competitive agents. 

It is still a further object of the present invention to provide a method for the treatment 
of mammals to control the amount or activity of the bacteria or its subunits, so as to treat 
or avert the adverse consequences of invasive, spontaneous, or idiopathic pathological 
states. This invention provides pharmaceutical compositions for use in therapeutic 
, methods which comprise or are based upon the isolated polypeptides, their subunits or 
their binding partners. 

Lastly, this invention provides pharmaceutical compositions, vaccines, and diagnostic 
' and therapeutic methods of use thereof. 

RRTFF DESCRIPTION OF THE DRAWINGS 

FIGURE 1. Schematic representation of choline binding protein A (CbpA) and 
recombinant truncates Rl (from about amino acid 16 to amino acid 321 
0 from the N-terminus of CbpA as set forth in Figure 2) and R2 (from 

about amino acid 1 6 to amino acid 444 from the N-terminus of CbpA as 


set forth in Figure 2). Domain A is from about amino acid 1 53 to amino 
acid 321 from the N-te'rminus of CbpA amino acid sequence as set forth 
in Figure 2 ; domain B is from about amino acid 270 to amino acid 326 
from the N-terminus of CbpA amino acid sequence as set forth in Figure 
2); and C is from about amino acid 327 to amino acid 433 from the N- 
terminus of CbpA amino acid sequence as set forth in Figure 2. 


FIGURES 2A-B 


URES ZA-B 

. v Compansonof homologies of various serotypes of the ^ic^cjdand^^ 
amino acid sequence of the N-terminal region of Cbp A^_ 


FIGURE 3. Expression and purification of recombinant Rl and R2. 

FIGURE 4. Results of passive protection in mice. Immune sera against recombinant 
R2 protected mice from lethal S. pneumoniae challenge. 

FIGURE 5 Titration of anti-R2 antibody on R6x adhering to LNnT-HSA coated 
plates. 

FIGURE 6. Titration of anti-Cbp-A and absorbed anti-CbpA antibodies for activity 
blocking pneumococcal adherence to LNnT-HSA coated plates. 

FIGURE 7. Results of active protection in mice. Immune sera against recombinant Rl 
protected mice from lethal S. pneumoniae challenge (challenge 560 cfu 
serotype 6B). 

TYPTATLFT) DESCRIPTION 

The present invention is directed to an isolated polypeptide comprising an amino acid 
D sequence of a N-terminal choline binding protein A truncate. The polypeptides are 
suitable for use in immunizing animals against pneumococcal infection. These 


polypeptide or peptide fragments thereof, when footed with an appropriate adjuvant 
cross-reactive proteins. 
5 This invention provides an isolated polypeptide comprising an amino acid sequence of 

fl .^^^»-^^« fsEQIDNoI • M ■ 7 • o^ ^ l ■^ 

fragments, mutants, variants, anaiogs, or derivatrves, thereof, 
the polypeptide has the amino acid KXXE (SEQ ID NO 6). 
10 Tnisinventionprovidesanisolatedpolypeptidecompristnganaminoactdsequenceof 
. N-term.na, choline binding protein A truncate as set forth in Figure 2. In one 
embodmrent, the polypeptide has anam.no aerd seance which *«<=^^ 
15 a cidse q ue»ce 15 8,o 2 10 ; , 58 .ol72;300to3 21 ,331 ,o 339 ; 355 to365;36 .0 374 
379 to 3S9; 409 to 427; and 430 to 447. Figure 2 sets forth homolog.es of vanous 
serotypes of the nucleic acid and amino aeid sequence of the N-terminal reg.on 
which are contemplated by this invention. 

20 Further, this invention provides an .solated polypeptide comprising an am.no add 
^eofaN-terminalchol.nebindingprote.nAtruncatehavingtheam.noac.das 

s e,for t hinSEQIDN024,wherein,hepo,ypep,idee X Mb 1 «si,ster,iarystruc,ure^^^ 

embodiment the polypeptide is ananalog, fragment, mu,a„t,or var.au. 

contemplated are set forth in Figure 2. This inve».io„ also provrdes an .sola ed 

A Ica.e having .he amino acid from abou. pos.tion 16 to about pos.tton 475 of 

2 , wherern the polypeptide dibits its tertia, structure. !n one embod.ment 
tertiary structure corresponds to that present in the native prote.n. 
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Methods of preparation of the polypeptide are for example as follows: cleaving a full 
lengthcholinebindingproteinAwithhydroxylamine, wherein the hydroxylamine cleaves 
the choline binding protein A at amino acid Asparagine (N) at position 475 of serotype 
R6x and serotype 4, or the corresponding amino acid of serotype R6x or serotype 4 in a 
5 different serotype as shown in Figure 2, thereby creating the N-terminal choline binding 
protein A truncate. Alternative methods which create a truncated choline binding protein 

A or fragment thereof, and retain the native tertiary structure (i.e. that of the full length 

choline binding protein A) are contemplated and known to those skilled in the art. 

Because the polypeptide retains its tertiary structure, the isolated polypeptide is suitable 
10 for use as an immunogen in immunizing animals and humans against bacterial infection, 

preferably pneumococci. 

The polypeptide comprising the amino acid sequence of choline binding protein A 

(CbpA) serotype type 4 is as follows: 
15 ENEGATQVPTSSNRANESQAEQGEQPKKLDSERDKARKEVEEYVKKIVGESY 

AKSTKKRHTITVALVNELNNIKNEYLNKIVESTSESQLQILMMESRSKVDEAV 

SKFEKDS SSS SS SDS STKPE ASDT AKPNKPTEPGEKV AEAKKKVEE AEKKAKD 

QKEEDRRNYPTITYKTLELEIAESDVEVKKAELELVKVKANEPRDEQKIKQAE 

AEVESKQAEATRLKKIKTDREEAEEEAKRRADAKEQGKPKGRAKRGVPGEL 

20 ATPDKKENDAKSSDSSVGEETLPSPSLKPEKKVAEAEKKVEEAKKKAEDQKE 

EDRRNYPTNTYKTLELEIAESDVEVKKAELELVKEEAKEPRNEEKVKQAKAE 

VESKKAEATRLEKIKTDRKKAEEEAKRKAAEEDKVKEKPAEQPQPAPAPKAE 

KPAPAPKPEN (SEQ ID NO 24). 

25 "Polypeptide R2" means a polypeptide comprising the amino acid sequences from 
position 16 to position 444 of the N-termmal truncate of choline binding protein A 
(CbpA) serotype type 4 (see Figure 1) which has the following sequence : 
ENEGATQVPTSSNRANESQAEQGEQPKKLDSERDKARKEVEEYVKKIVGESY 
AKSTKKRHTITVALVNELNNIKNEYLNKIVESTSESQLQILMMESRSKVDEAVS 

30 KFEKDSSSSSSSDSSTKPEASDT AKPNKPTEPGEKV AEAKKKVEEAEKKAKDQ 
KEEDRRNYPTITYKTLELEIAESDVEVKKAELELVKVKANEPRDEQKIKQAEA 


EVESKQAEATRLKK1KTDREEAEEEAKRRADAKEQGKPKGRAKRGVPGELAT 
PDKKENDAKSSDSSVGEETLPSPSLKPEKKVAEAEKKVEEAKKKAEDQKEED 
RRNYPTNTYKTLELEIAESDVEVKKAELELVKEEAKEPRNEEKVKQAKAEVE 
SKKAEATRLEKIKTDRKKAEEEAKRKAAEEDKVKEKPA (SEQ ID NO 1). 

The DNA sequence which encodes polypeptide R2 of the N-terminal tmncate of choline 
binding protein A (CbpA) serotype type 4: 

GAGAACGAGGGAGCTACCCAAGTACCCACTTCTTCTAATAGGGCAAATGA 
AAGTCAGGCAGAACAAGGAGAACAACCTAAAAAACTCGATTCAGAACGA 
GATAAGGCAAGGAAAGAGGTCGAGGAATATGTAAAAAAAATAGTGGGTG 
AGAGCTATGCAAAATCAACTAAAAAGCGACATACAATTACTGTAGCTCTA 
GTTAACGAGTTGAACAACATTAAGAACGAGTATTTGAATAAAATAGTTGA 
ATCAACCTCAGAAAGCCAACTACAGATACTGATGATGGAGAGTCGATCAA 
AAGTAGATGAAGCTGTGTCTAAGTTTGAAAAGGACTCATCTTCTTCGTCAA 
GTTCAGACTCTTCCAGTAAACCGGAAGCTTCAGATACAGCGAAGCCAAAC 
AAGCCGACAGAACCAGGAGAAAAGGTAGCAGAAGCTAAGAAGAAGGTTG 
AAGAAGCTGAGAAAAAAGCCAAGGATCAAAAAGAAGAAGATCGTCGTAA 
CTACCCAACCATTACTTACAAAACGCTTGAACTTGAAATTGCTGAGTCCGA 
TGTGGAAGTTAAAAAAGCGGAGCTTGAACTAGTAAAAGTGAAAGCTAAC 
) GAACCTCGAGACGAGCAAAAAATTAAGCAAGCAGAAGCGGAAGTTGAGA 
GTAAACAAGCTGAGGCTACAAGGTTAAAAAAAATCAAGACAGATCGTGA 
AGAAGCAGAAGAAGAAGCTAAACGAAGAGCAGATGCTAAAGAGCAAGGT 
AAACCAAAGGGGCGGGCAAAACGAGGAGTTCCTGGAGAGCTAGCAACAC 
CTGATAAAAAAGAAAATGATGCGAAGTCTTCAGATTCTAGCGTAGGTGAA 
5 GAAACTCTTCCAAGCCCATCCCTGAAACCAGAAAAAAAGGTAGCAGAAG 
CTGAGAAGAAGGTTGAAGAAGCTAAGAAAAAAGCCGAGGATCAAAAAGA 
AGAAGATCGCCGTAACTACCCAACCAATACTTACAAAACGCTTGAACTTG 
AAATTGCTGAGTCCGATGTGGAAGTTAAAAAAGCGGAGCTTGAACTAGTA 
AAAGAGGAAGCTAAGGAACCTCGAAACGAGGAAAAAGTTAAGCAAGCAA 
,0 AAGCGGAAGTTGAGAGTAAAAAAGCTGAGGCTACAAGGTTAGAAAAAAT 


CAAGACAGATCGTAAAAAAGCAGAAGAAGAAGCTAAACGAAAAGCAGCA 
GAAGAAGATAAAGTTAAAGAAAAACCAGCTG (SEQ ID NO 12). 

Amino acid sequence of CbpA of serotype 4: 
5 ENEGATQVPTSSNRANESQAEQGEQPKKLDSERDKARKEVEEYVKKIVGESY 

AKSTKKRHTITVALVNELNNIKNEYLNKIVESTSESQLQILMMESRSKVDEAV 

SKFEKDS S S S SS SDSSTKPEASDTAKPNKPTEPGEKV AEAKKKVEE AEKKAKD 

QKEEDRRNYPTITYKTLELEIAESDVEVKKAELELVKVKANEPRDEQKIKQAE 

AEVESKQAEATRLKKIKTDREEAEEEAKRRADAKEQGKPKGRAKRGVPGEL 

10 ATPDKKENDAKSSDSSVGEETLPSPSLKPEKKVAEAEKKVEEAKKKAEDQKE 

EDRRNYPTNTYKTLELEIAESDVEVKKAELELVKEEAKEPRNEEKVKQAKAE 

VESKKAEATRLEKIKTDRKKAEEEAKRKAAEEDKVKEKPAEQPQPAPAPKAE 

KPAPAPKPENPAEQPKAEKPADQQAEEDYARRSEEEYNRLTQQQPPKTEKPA 

QPSTPKTGWKQENGMWYFYNTDGSMATGWLQNNGSWYYLNSNGAMATG 

15 WLQNNGSWYYLNANGSMATGWLQNNGSWYYLNANGSMATGWLQYNGS 

WYYLNANGSMATGWLQYNGSWYYLNANGDMATGWVKDGDTWYYLEAS 

GAMKASQWFKVSDKWYYVNGSGALAVNTTVDGYGVNANGEWVN. (SEQ ID 

NO 2) . . 

20 DNA sequence encoding the amino acid sequence of the CbpA of serotype 4: 

GAGAACGAGGGAGCTACCCAAGTACCCACTTCTTCTAATAGGGCAAATGA 
AAGTCAGGCAGAACAAGGAGAACAACCTAAAAAACTCGATTCAGAACGA 
GATAAGGCAAGGAAAGAGGTCGAGGAATATGTAAAAAAAATAGTGGGTG 
AGAGCTATGCAAAATCAACTAAAAAGCGACATACAATTACTGTAGCTCTA 
25 GTTAACGAGTTGAACAACATTAAGAACGAGTATTTGAATAAAATAGTTGA 
ATCAACCTCAGAAAGCCAACTACAGATACTGATGATGGAGAGTCGATCAA 
AAGTAGATGAAGCTGTGTCTAAGTTTGAAAAGGACTCATCTTCTTCGTCAA 
GTTCAGACTCTTCCACTAAACCGGAAGCTTCAGATACAGCGAAGCCAAAC 
AAGCCGACAGAACCAGGAGAAAAGGTAGCAGAAGCTAAGAAGAAGGTTG 
30 AAGAAGCTGAGAAAAAAGCCAAGGATCAAAAAGAAGAAGATCGTCGTAA 
CTACCCAACCATTACTTACAAAACGCTTGAACTTGAAATTGCTGAGTCCGA 
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TGTGGAAGTTAAAAAAGCGGAGCTTGAACTAGTAAAAGTGAAAGCTAAC 

GAACCTCGAGACGAGCAAAAAATTAAGCAAGCAGAAGCGGAAGTTGAGA 

GTAAACAAGCTGAGGCTACAAGGTTAAAAAAAATCAAGACAGATCGTGA 

AGAAGCAGAAGAAGAAGCTAAACGAAGAGCAGATGCTAAAGAGCAAGGT 

AAACCAAAGGGGCGGGCAAAACGAGGAGTTCCTGGAGAGCTAGCAACAC 

CTGATAAAAAAGAAAATGATGCGAAGTCTTCAGATTCTAGCGTAGGTGAA 

GAAACTCTTCCAAGCCCATCCCTGAAACCAGAAAAAAAGGTAGCAGAAG 

CTGAGAAGAAGGTTGAAGAAGCTAAGAAAAAAGCCGAGGATCAAAAAGA 

AGAAGATCGCCGTAACTACCCAACCAATACTTACAAAACGCTTGAACTTG 

AAATTGCTGAGTCCGATGTGGAAGTTAAAAAAGCGGAGgCTTGAACTAGT 

AAAAGAGGAAGCTAAGGAACCTCGAAACGAGGAAAAAGTTAAGCAAGCA 

AAAGCGGAAGTTGAGAGTAAAAAAGCTGAGGCTACAAGGTTAGAAAAAA 

TCAAGACAGATCGTAAAAAAGCAGAAGAAGAAGCTAAACGAAAAGCAGC 

AGAAGAAGATAAAGTTAAAGAAAAACCAGCTGAACAACCACAACCAGCG 

CCGGCTCCAAAAGCAGAAAAACCAGCTCCAGCTCCAAAACCAGAGAATC 

CAGCTGAACAACCAAAAGCAGAAAAACCAGCTGATCAACAAGCTGAAGA 

AGACTATGCTCGTAGATCAGAAGAAGAATATAATCGCTTGACTCAACAGC 

AACCGCCAAAAACTGAAAAACCAGCACAACCATCTACTCCAAAAACAGG 

CTGGAAACAAGAAAACGGTATGTGGTACTTCTACAATACTGATGGTTCAA 

TGGCGACAGGATGGCTCCAAAACAAtGGCTCAtGGTAcTACcTCAACAGCAA 

TGGCGCTATGGCGACAGGATGGCTCCAAAACAATGGTTCATGGTACTATC 

TAAACGCTAATGGTTCAATGGCAACAGGATGGCTCCAAAACAATGGTTCA 

TGGTACTACCTAAACGCTAATGGTTCAATGGCGACAGGATGGCTCCAATA 

CAATGGCTCATGGTACTACCTAAACGCTAATGGTTCAATGGCGACAGGAT 

GGCTCCAATACAATGGCTCATGGTACTACCTAAACGCTAATGGTGATATG 

GCGACAGGTTGGGTGAAAGATGGAGATACCTGGTACTATCTTGAAGCATC 

AGGTGCTATGAAAGCAAGCCAATGGTTCAAAGTATCAGATAAATGGTACT 

ATGTCAATGGCTCAGGTGCCCTTGCAGTCAACACAACTGTAGATGGCTAT 

GGAGTCAATGCCAATGGTGAATGGGTAAACTAA (SEQ ID NO 13). 


"Polypeptide Rl" means a polypeptide comprising the amino acid sequences from 
position 16 to position 321 of the N-terminal truncate/ choline binding protein A (CbpA) 
serotype type 4 which has the following sequence : 

ENEGATQVPTSSNRANESQAEQGEQPKKLDSERDKARKEVEEYVKKIVGESY 
AKSTKKRHTITVALVNELNNIKNEYLNKIVESTSESQLQILMMESRSKVDEAV 
SKFEKDSSSSSSSDSSTKPEASDTAKPNKPTEPGEKVAEAKKKVEEAEKKAKD 
QKEEDRRNYPTITYKTLELEIAESDVEVKKAELELVKVKANEPRDEQKIKQAE 
AE VE S KQ AE ATRLKKIKTDREE AEEE AKRRAD AKEQ GKPKGRAKRG V P GEL 
ATPDKKEND AKS SDSS VGEETL (SEQ ID NO 3). 

The DNA sequence which encodes polypeptide Rl is: 

GAGAACGAGGGAGCTACCCAAGTACCCACTTCTTCTAATAGGGCAAATGA 

AAGTCAGGCAGAACAAGGAGAACAACCTAAAAAACTCGATTCAGAACGA 

GATAAGGCAAGGAAAGAGGTCGAGGAATATGTAAAAAAAATAGTGGGTG 

AGAGCTATGCAAAATCAACTAAAAAGCGACATACAATTACTGTAGCTCTA 

GTTAACGAGTTGAACAACATTAAGAACGAGTATTTGAATAAAATAGTTGA 

ATCAACCTCAGAAAGCCAACTACAGATACTGATGATGGAGAGTCGATCAA 

AAGTAGATGAAGCTGTGTCTAAGTTTGAAAAGGACTCATCTTCTTCGTCAA 

GTTCAGACTCTTCCACTAAACCGGAAGCTTCAGATACAGCGAAGCCAAAC 

AAGCCGACAGAACCAGGAGAAAAGGTAGCAGAAGCTAAGAAGAAGGTTG 

AAGAAGCTGAGAAAAAAGCCAAGGATCAAAAAGAAGAAGATCGTCGTAA 

CTACCCAACCATTACTTACAAAACGCTTGAACTTGAAATTGCTGAGTCCGA 

TGTGGAAGTTAAAAAAGCGGAGCTTGAACTAGTAAAAGTGAAAGCTAAC 

GAACCTCGAGACGAGCAAAAAATTAAGCAAGCAGAAGCGGAAGTTGAGA 

GTAAACAAGCTGAGGCTACAAGGTTAAAAAAAATCAAGACAGATGGTGA 

AGAAGCAGAAGAAGAAGCTAAACGAAGAGCAGATGCTAAAGAGCAAGGT 

AAACCAAAGGGGCGGGCAAAACGAGGAGTTCCTGGAGAGCTAGCAACAC 

CTGATAAAAAAGAAAATGATGCGAAGTCTTCAGATTCTAGCGTAGGTGAA 

GAAACTCTTC (SEQ ID NO 14). 


"Polypeptide C/R2" means a polypeptide comprising a repeat region C within R2, 
wherein the repeat region C has the amino acid sequences from position 327 to position 
433 of the N-terminal choline binding protein A (CbpA) serotype type 4 which has the 
following sequence: 

5 KPEKKVAEAEKKVEEAKKKAEDQKEEDRRNYPTNTYKTLELEIAESDVEVKK 
AELELVKEEAKEPRNEEKVKQAKAEVESKKAEATRLEKIKTDRKKAEEEA 

(SEQ ID NO 4). 

The DNA sequence of polypeptide C/R2 
,0 AAACCAGAAAAAAAGGTAGCAGAAGCTGAGAAGAAGGTTGAAGAAGCTA 

AGAAAAAAGCCGAGGATCAAAAAGAAGAAGATCGCCGTAACTACCCAAC 
CAATACTTACAAAACGCTTGAACTTGAAATTGCTGAGTCCGATGTGGAAG 
TTAAAAAAGCGGAGCTTGAACTAGTAAAAGAGGAAGCTAAGGAACCTCG 
AAACGAGGAAAAAGTTAAGCAAOCAAAAGCGGAAGTTGAGAGTAAAAAA 
,5 GCTGAGGCTACAAGGTTAGAAAAAATCAAGACAGATCGTAAAAAAGCAG 
AAGAAGAAGCTAAACGAAAAGCA (SEQ ID NO 15) 

■Polypeptide A/R2" means a polypeptide eomprising a repeat region A within R2, 
wherein the repeat region A has the amino acid sequences from position 153 to position 
20 269 of the N-terminal of choline binding protein A (CbpA) serotype type 4 whrch has 
the following sequence: 

TEPGEKVAEAKKKVEEAEKKAKDQKEEDRRNYPTITYKTLELEIAESDVEVK 
KAELELVKVKANEPRDEQKIKQAEAEVESKQAEATRLKK1KTDREEAEEEAK 
RRADA (SEQ ID NO 5). As shown in Figure 1, region A of polypeptide R2 is the same 
25 region A as within Rl. 

The DNA sequence which encodes the polypeptide A/R2 is: 

ACAGAACCAGGAGAAAAGGTAGCAGAAGCTAAGAAGAAGGTTGAAGAAG 
CTGAGAAAAAAGCCAAGGATCAAAAAGAAGAAGATCGTCGTAACTACCC 
30 AACCATTACTTACAAAACGCTTGAACTTGAAATTGCTGAGTCCGATGTGG 
AAGTTAAAAAAGCGGAGCTTGAACTAGTAAAAGTGAAAGCTAACGAACC 


/ 

/ 
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TCGAGACGAGCAAAAAATTAAGCAAGCAGAAGCGGAAGTTGAGAGTAAA 
CAAGCTGAGGCTACAAGGTTAAAAAAAATCAAGACAGATCGTGAAGAAG 
CAGAAGAAGAAGCTAAACGAAGAGCAGATGCT (SEQ ID NO 16). 


m 


5 The identity or location of one or more amino acid residues may be changed or modified 
to include variants such as, for example, deletions containing less than all of the residues 
specified for the protein, substitutions wherein one or more residues specified are 
replaced by other residues and additions wherein one or more amino acid residues are 
added to a terminal or medial portion of the polypeptide (see Figure 2). These molecules 
10 include: the incorporation of codons "preferred" for expression by selected non- 
mammalian hosts; the provision of sites for cleavage by restriction endonuclease 
enzymes; and the provision of additional initial, terminal or intermediate DNA sequences 
that facilitate construction of readily expressed vectors. Specifically, examples of the 


CH amino acid substitutions of serotype 4, included but not limited to, are as follows: E at 

O 

y 15 position 154 is substituted with K; P at position 155 is substituted with L; G at position 

- 1 56 is substituted with E; E at position 157 is substituted with K; K at position 181 is 

O substituted with E; D at position 182 is substituted with A; R at position 187 is 

q substituted with Y, H, or L; I at position 194 is substituted with N; E at position 200 is 

:f substituted with D; E at position 202 is substituted with D; E at position 209 is 

ffil 20 substituted with K; K at position 212 is substituted with E; V at position 218 is 

substituted with L; V at position 220 is substituted with K or E; K at position 221 is 
substituted with E; N at position 223 is substituted with D or K; P at position 225 is 
substituted with S, T, or R; D at position 227 is substituted with N; E at position 228 is 
substituted with K; Q at position 229 is substituted with E, G, or D; K at position 230 is 
25 substituted with T; K at position 232 is substituted with N; E at position 235 is 
substituted with K; A at position 236 is \ substituted with E; E at position 237 is 
substituted with K; S at position 240 is .substituted with N; K at position 241 is 
substituted with E; Q at position 242 is substituted with K; K at position 249 is 
substituted with E; K at position 250 is substituted with N; E at position 257 is 
30 substituted with Q or K; A at position 263 is substituted with L; K at position 264 is 
substituted with E; R at position 265 is substituted with N; R at position 266 is 
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substituted with I; A at position 267 is substituted with K or V; D at position 258 is 
substituted with T; A at position 269 is substituted with D; A at position 291 is 
substituted with T, V, P, G, or X; G at position 294 is substituted with G, A, or E; V at 
position 295 is substituted with D, or A; P at position 295 is substituted with L or F; L 
at position 2999 is substituted with P or Q; P at position 328 is substituted with S; E at 
position 329 is substituted with G; E at position 340 is substituted with A; K at position 
343 is substituted with E or D; E at position 347 is substituted with K; D at position 349 
is substituted with A; R at position 354 is substituted with H; E at position 366 is 
substituted with D; E at position 375 is substituted with K; K at position 378 is 
substituted with E; E at position 390 is substituted with G; P at position 391 is substituted 
with S; N at position 393 is substituted with D; V at position 397 is substituted with I; 
and K at position 408 is substituted with Q. 

"Polypeptide R2 serotype - R6x" means an polypeptide comprising the amino acid 

sequences from position 16 to position 444 of the N-terminal truncate of Choline 

Binding Protein A (CbpA) serotype R6x which has the following sequence: 

ENEGSTQAATSSNMAKTEHRKAAKQVVDEYIEKMLREIQLDRRKHTQNVAL 

NIKLSAIKTKYLRELNVLEEKSKDELPSEIKAKLDAAFEKFKKDTLKPGEKVA 

EAKKKVEEAKKKAEDQKEEDRRNYPTNTYKTLELEIAEFDVKVKEAELELVK 

EEAKESRNEGTIKQAKEKVESKKAEATRLENIKTDRKKAEEEAKRKADAKLK 

E AN VAT S D Q GKPKGR AKRG VP GEL ATPD KKEND AKS S D S S V GEETLP S S SLK 
SGKKVAEAEKKVEEAEKKAKDQKEEDRRNYPTNTYKTLDLEIAESDVKVKE 
AELELVKEEAKEPRDEEKIKQAKAKVESKKAEATRLENIKTDRKKAEEEAKR 
KAAEEDKVKEKPA (SEQ ID NO 7) 

The DNA sequence which encodes polypeptide R2 serotype R6x: 

GAAAACGAAGGAAGTACCCAAGCAGCCACTTCTTCTAATATGGCAAAGAC 

AGAACATAGGAAAGCTGCTAAACAAGTCGTCGATGAATATATAGAAAAA 

ATGTTGAGGGAGATTCAACTAGATAGAAGAAAACATACCCAAAATGTCGC 

CTTAAACATAAAGTTGAGCGCAATTAAAACGAAGTATTTGCGTGAATTAA 

ATGTTTTAGAAGAGAAGTCGAAAGATGAGTTGCCGTCAGAAATAAAAGCA 
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AAGTTAGACGCAGCTTTTGAGAAGTTTAAAAAAGATACATTGAAACCAGG 
AGAAAAGGTAGCAGAAGCTAAGAAGAAGGTTGAAGAAGCTAAGAAAAAA 
GCCGAGGATCAAAAAGAAGAAGATCGTCGTAACTACCCAACCAATACTTA 
CAAAACGCTTGAACTTGAAATTGCTGAGTTCGATGTGAAAGTTAAAGAAG 
CGGAGCTTGAACTAGTAAAAGAGGAAGCTAAAGAAtCTCGAAACGAGGGC 
ACAATTAAGCAAGCAAAAGAGAAAGTTGAGAGTAAAAAAGCTGAGGCTA 
CAAGGTTAGAAAACAtCAAGACAGAtCGTAAAAAAGCAGAAGAAGAAGCT 
AAACGAAAAGCAGATGCTAAGTTGAAGGAAGCTAATGTAGCGACTTCAG 
AtCAAGGTAAACCAAAGGGGCGGGCAAAACGAGGAGTTCCTGGAGAGCTA 
GCAACACCTGATAAAAAAGAAAATGATGCGAAGTCTTCAGATTCTAGCGT 
AGGTGAAGAAACTCTTCCAAGCTCATCCCTGAAATCAGGAAAAAAGGTAG 
CAGAAGCTGAGAAGAAGGTTGAAGAAGCTGAGAAAAAAGCCAAGGATCA 
AAAAGAAGAAGATCGCCGTAACTACCCAACCAATACTTACAAAACGCTTG 
ACCTTGAAATTGCTGAGTCCGATGTGAAAGTTAAAGAAGCGGAGCTTGAA 
C T AGT A A A AG AGG A A GC T A AGG A AC CTCG AG A C G AGG A AA A AATT A AGC 
AAGCAAAAGCGAAAGTTGAGAGTAAAAAAGCTGAGGCTACAAGGTTAGA 
AAACATCAAGACAGATCGTAAAAAAGCAGAAGAAGAAGCTAAACGAAAA 
GCAGCAGAAGAAGATAAAGTTAAAGAAAAACCAGCTG (SEQ ID NO 17) 

Amino acid sequence of CbpA of serotype R6x: 

ENEGSTQAATSSNMAKTEHRKAAKQVVDEYIEKMLREIQLDRRKHTQNVAL 
NIKLSAIKTKYLRELNVLEEKSKDELPSEIKAKLDAAFEKFKKDTLKPGEKVA 
EAKKKVEEAKKKAEDQKEEDRRNYPTNTYKTLELEIAEFDVKVKEAELELVK 
EEAKESRNEGTIKQAKEKVESKKAEATRLENIKTDRKKAEEEAKRKADAKLK 
EANVATSDQGKPKGRAKRGVPGELATPDKKENDAKSSDSSVGEETLPSSSLK 
SGKKVAEAEKKVEEAEKKAKDQKEEDRRNYPTNTYKTLDLEIAESDVKVKE 
AELELVKEEAKEPRDEEKIKQAKAKVESKKAEATRLENIKTDRKKAEEEAKR 
KAAEEDKVKEKPAEQPQPAPATQPEKPAPKPEKPAEQPKAEKTDDQQAEEDY 
ARRSEEEYNRLTQQQPPKTEKPAQPSTPKTGWKQENGMWYFYNTDGSMATG 
WLQNNGSWYYLNANGAMATGWLQNNGSWYYLNANGSMATGWLQNNGS 
WYYLNANGAMATGWLQYNGSWYYLNSNGAMATGWLQYNGSWYYLNAN 
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GDMATGWLQNNGSWYYLNANGDMATGWLQYNGSWYYLNANGDMATGW 
VKDGDTWYYLEASGAMKASQWFKVSDKWYYVNGSGALAVNTTVDGYGV 

NANGEWVN (SEQ ID NO 8). 

DNA sequence encoding the amino acid sequence of the CbpA of serotype R6x: 
GAAAACGAAGGAAGTACCCAAGCAGCCACTTCTTCTAATATGGCAAAGAC 
AGAACATAGGAAAGCTGCTAAACAAGTCGTCGATGAATATATAGAAAAA 
ATGTTGAGGGAGATTCAACTAGATAGAAGAAAACATACCCAAAATGTCGC 
CTTAAACATAAAGTTGAGCGCAATTAAAACGAAGTATTTGCGTGAATTAA 
ATGTTTTAGAAGAGAAGTCGAAAGATGAGTTGCCGTCAGAAATAAAAGCA 
AAGTTAGACGCAGCTTTTGAGAAGTTTAAAAAAGATACATTGAAACCAGG 
AGAAAAGGTAGCAGAAGCTAAGAAGAAGGTTGAAGAAGCTAAGAAAAAA 
GCCGAGGATCAAAAAGAAGAAGATCGTCGTAACTACCCAACCAATACTTA 
CAAAACGCTTGAACTTGAAATTGCTGAGTTCGATGTGAAAGTTAAAGAAG 
CGGAGCTTGAACTAGTAAAAGAGGAAGCTAAAGAAtCTCGAAACGAGGGC 
ACAATTAAGCAAGCAAAAGAGAAAGTTGAGAGTAAAAAAGCTGAGGCTA 
CAAGGTTAGAAAACAtCAAGACAGAtCGTAAAAAAGCAGAAGAAGAAGCT 
AAACGAAAAGCAGATGCTAAGTTGAAGGAAGCTAATGTAGCGACTtCAGAt 
CAAGGTAAACCAAAGGGGCGGGCAAAACGAGGAGTTCCTGGAGAGCTAG 
CAACACCTGATAAAAAAGAAAATGATGCGAAGTCTTCAGATTCTAGCGTA 
GGTGAAGAAACTCTTCCAAGCTCATCCCTGAAATCAGGAAAAAAGGTAGC 
AGAAGCTGAGAAGAAGGTTGAAGAAGCTGAGAAAAAAGCCAAGGATCAA 
AAAGAAGAAGATCGCCGTAACTACCCAACCAATACTTACAAAACGCTTGA 
CCTTGAAATTGCTGAGTCCGATGTGAAAGTTAAAGAAGCGGAGCTTGAAC 
TAGTAAAAGAGGAAGCTAAGGAACCTCGAGACGAGGAAAAAATTAAGCA 
AGCAAAAGCGAAAGTTGAGAGTAAAAAAGCTGAGGCTACAAGGTTAGAA 
AACATCAAGACAGATCGTAAAAAAGCAGAAGAAGAAGCTAAACGAAAAG 
CAGCAGAAGAAGATAAAGTTAAAGAAAAACCAGCTGAACAACCACAACC 
AGCGCCGGCTACTCAACCAGAAAAACCAGCTCCAAAACCAGAGAAGCCA 
, GCTGAACAACCAAAAGCAGAAAAAACAGATGATCAACAAGCTGAAGAAG 
ACTATGCTCGTAGATCAGAAGAAGAATATAATCGCTTGACTCAACAGCAA 
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CCGCCAAAAACTGAAAAACCAGCACAACCATCTACTCCAAAAACAGGCTG 
GAAACAAGAAAACGGTATGTGGTACTTCTACAATACTGATGGTTCAATGG 
CAACAGGATGGCTCCAAAACAACGGTTCATGGTACTATCTAAACGCTAAT 
GGTGCTATGGCGACAGGATGGCTCCAAAACAATGGTTCATGGTACTATCT 
AAACGCTAATGGTTCAATGGCAACAGGATGGCTCCAAAACAATGGTTCAT 
GGTACTACCTAAACGCTAATGGTGCTATGGCGACAGGATGGCTCCAATAC 
AATGGTTCATGGTACTACCTAAACAGCAATGGCGCTATGGCGACAGGATG 
GCTCCAATACAATGGCTCATGGTACTACCTCAACGCTAATGGTGATATGG 
CGACAGGATGGCTCCAAAACAACGGTTCATGGTACTACCTCAACGCTAAT 
GGTGATATGGCGACAGGATGGCTCCAATACAACGGTTCATGGTATTACCT 
CAACGCTAATGGTGATATGGCGACAGGTTGGGTGAAAGATGGAGATACCT 
GGTACTATCTTGAAGCATCAGGTGCTATGAAAGCAAGCCAATGGTTCAAA 
GTATCAGATAAATGGTACTATGTCAATGGCTCAGGTGCCCTTGCAGTCAAC 
ACAACTGTAGATGGCTATGGAGTCAATGCCAATGGTGAATGGGTAAACTAA 

(SEQ ID NO 18). 

Polypeptide Rl Serotype R6x" means an polypeptide comprising the amino acid 
sequences from position 16 to position 321 of the N-terminal truncate/truncate of choline 
binding protein A (CbpA) serotype R6x which has the following sequence : 
ENEGSTQAATSSNMAKTEHRKAAKQVVDEYIEKMLREIQLDRRKHTQNVAL 
NIKLSAIKTKYLRELNVLEEKSKDELPSEIKAKLDAAFEKFKKDTLKPGEKVA 
EAKKKVEEAKKKAEDQKEEDRRNYPTNTYKTLELEIAEFDVKVKEAELELVK 
EEAKESRNEGTIKQAKEKVESKKAEATRLENIKTDRKKAEEEAKRKADAKLK 
E AN V ATSD Q GKPKGRAKRG VP GEL ATPDKKEND AKS SD S S V GEETL (SEQ ID 
NO 9). 

The DNA sequence which encodes polypeptide Rl is: 

GAAAACGAAGGAAGTACCCAAGCAGCCACTTCTTCTAATATGGCAAAGAC 
AGAACATAGGAAAGCTGCTAAACAAGTCGTCGATGAATATATAGAAAAA 
ATGTTGAGGGAGATTCAACTAGATAGAAGAAAACATACCCAAAATGTCGC 
CTTAAACATAAAGTTGAGCGCAATTAAAACGAAGTATTTGCGTGAATTAA 
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ATGTTTTAGAAGAGAAGTCGAAAGATGAGTTGCCGTCAGAAATAAAAGCA 
AAGTTAGACGCAGCTTTTGAGAAGTTTAAAAAAGATACATTGAAACCAGG 
AGAAAAGGTAGCAGAAGCTAAGAAGAAGGTTGAAGAAGCTAAGAAAAAA 
GCCGAGGATCAAAAAGAAGAAGATCGTCGTAACTACCCAACCAATACTTA 
5 CAAAACGCTTGAACTTGAAATTGCTGAGTTCGATGTGAAAGTTAAAGAAG 
CGGAGCTTGAACTAGTAAAAGAGGAAGCTAAAGAATCTCGAAACGAGGG 
CACAATTAAGCAAGCAAAAGAGAAAGTTGAGAGTAAAAAAGCTGAGGCT 
ACAAGGTTAGAAAACAtCAAGACAGATCGTAAAAAAGCAGAAGAAGAAG 
CTAAACGAAAAGCAGATGCTAAGTTGAAGGAAGCTAATGTAGCGACTTCA 
1 0 GATCAAGGTAAACC AAAGGGGCGGGCAAAACGAGGAGTTCCTGGAGAGC 

tagcaacacctgataaaaaagaaaatg'atgcgaagtcttcagattctagc 

j§ 4 GTAGGTGAAGAAACTCTTC (SEQ ID NO 19). 

Q 

CP "Polypeptide C/R2 serotype R6x" means an polypeptide comprising a repeat region C 

£3 

U 1 5 within R2 (see Figure 2), wherein the repeat region C has the amino acid sequences from 

tJJ position 327 to position 433 of the N-terminal of choline binding protein A (CbpA) 

0 serotype R6x which has the following sequence: 

5 KSGKKVAEAEKKVEEAEKKAKDQKEEDRRNYPTNTYKTLDLEIAESDVKVK 

1 EAELELVKEEAKEPRDEEKIKQAKAKVESKKAEATRLENIKTDRKKAEEEAK 
SO 20 RKA (SEQ ID NO 10) 


The DNA sequence of polypeptide C/R2 serotype R6x: 

AAATCAGGAAAAAAGGTAGCAGAAGCTGAGAAGAAGGTTGAAGAAGCTG 
AGAAAAAAGCCAAGGATCAAAAAGAAGAAGATCGCCGTAACTACCCAAC 
25 CAATACTTACAAAACGCTTGACCTTGAAATTGCTGAGTCCGATGTGAAAG 
TTAAAGAAGCGGAGCTTGAACTAGTAAAAGAGGAAGCTAAGGAACCTCG 
AGACGAGGAAAAAATTAAGCAAGCAAAAGCGAAAGTTGAGAGTAAAAAA 
GCTGAGGCTACAAGGTTAGAAAACATCAAGACAGATCGTAAAAAAGCAG 
AAGAAGAAGCTAAACGAAAAGCA (SEQ ID NO 20). 


30 
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Polypeptide A/R2 serotype R6x" means an polypeptide comprising a repeat region A 
within R2 (see Figure 2), wherein the repeat region A has the amino acid sequences from 
position 155 to position 265 of the N-terminal of choline binding protein A (CbpA) 
serotype R6X which has the following sequence: 

PGEKVAEAKKKVEEAKKKAEDQKEEDRRNYPTNTYKTLELEIAEFDVKVKE 
AELELVKEEAKESRNEGTIKQAKEKVESKKAEATRLENIKTDRKKAEEEAKR 
KADA (SEQ ID NO 11) 

The DNA sequence which encodes the polypeptide A/R2 serotype R6x is: 

CCAGGAGAAAAGGTAGCAGAAGCTAAGAAGAAGGTTGAAGAAGCTAAGA 

AAAAAGCCGAGGATCAAAAAGAAGAAGATCGTCGTAACTACCCAACCAA 

TACTTACAAAACGCTTGAACTTGAAATTGCTGAGTTCGATGTGAAAGTTAA 

AGAAGCGGAGCTTGAACTAGTAAAAGAGGAAGCTAAAGAAtCTCGAAACG 

AGGGCACAATTAAGCAAGCAAAAGAGAAAGTTGAGAGTAAAAAAGCTGA 

GGCTACAAGGTTAGAAAACAtCAAGACAGATCGTAAAAAAGCAGAAGAA 

GAAGCTAAACGAAAAGCAGATGCT (SEQ ID NO 21). 

This invention is directed to an isolated polypeptide, wherein the isolated polypeptide 
consists of the amino acid sequence as set forth in SEQ ID NOS 22 or 23, including 
fragments, mutants, variants, or analogs, or derivatives, thereof. 

SPSLKPEKKVAEAEKKVEEAKKKAEDQKEEDRRNYPTNTYKTLELEIAESDV 
EVKKAELELVKEEAKEPRNEEKVKQAKAEVESKKAEATRLEKIKTDRKKAEE 
EAKRKAAEEDKVKEKPA (SEQ ID NO 22; serotype 4; position 323-434); or 
PSSSLKSGKKVAEAEKKVEEAEKKAKDQKEEDRRNYPTNTYKTLDLEIAESD 
VKVKEAELELVKEEAKEPRDEEKIKQAKAKVESKKAEATRLENIKTDRKKAE 
EEAKRKAAEEDKVKEKRA (SEQ ID NO 23, serotype R6x; position 322-434). 

"Polypeptide B/R2" means a polypeptide comprising the amino acid sequences from 
position 270 to position 326 of the N-terminal truncate of choline binding protein A 
(CbpA) serotype type 4 as set forth in Figure 2. "Polypeptide B/R2 serotype - R6x" means 
an polypeptide comprising the amino acid sequences from position 264 to position 326 
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oftheN-termina UruncateofChoHneBindingProteinA^sero^peRexassetforth 
in Figure 2. This invention contemplates a polypeptide having the amino acd sequence 
of regions A, B, C, A+B, B+C, A+C as shown in Figure 1. 

5 Further, this invention provides an isolated polypeptide comprising an amino acid 
sequence of a N-.erminal choHne binding pro.e.n A truncate, wherein the polypepfde 
has the amino acid KXXE (SEQ ID NO 6). 

This invention is directed to a polypeptide comprising an amino acid sequence of a N- 
,0 terminalcho.inebindmg P ro«einA,runca,e,whereinmeaminoacidsequenceissetfor«h 

in Figure 2. In one embodiment, the polypeptide has an amino acid sequence whtch ,s a 
conserved region as set forth in figure 2. For example, conserved regions include bu, are 
notlimited to amino acid sequence ,58 to 172; 300 to 321; 33, to 339; 355 ,0 365; 367 
to 374 379 to 389; 409 to 427; and 430 to 447 Figure 2 sets forth homolog.es of 
,5 various serotypes of the nucleic acid and amino acid sequence of the N-terminal reg.on 
of CbpA which are contemplated by this invention. 

This invention provides an isolated polypeptide comprising an amino acid sequence of 
a N-terminal choline binding protein A truncate, wherein the polypeptide has lectm 
20 activity and does no, bind to choline. In one embodiment the polypeptide has the ammo 
acid sequence as set forth in any of SEQ ID NO ,,3-5,7,or 9-1 1 includmg fragments, 
mutants, variants, analogs, or derivatives, thereof. 

As used herein, "a polypeptide having a lectin activity" means a polypeptide, peptide 
25 orproteinwhichbindsnoncovalently to a carbohydrate. As defined herein, "adhesm" 
means noncovalent binding of a bacteria to a human ce,l or secretion that is stable 
enough to withstand washing. As defined herein, "binds to the LNnT means binds to 
Lacto-N-neotetraose coated substrates more than albumin-control. 

30 This invention provides an isolated immunogemc polypeptide comprising an amino acid 
sequence of a N-termina. choline binding protem A truncate. It is contemplated by thrs 
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invention that the immunogenic polypeptide has the amino acid In one embodiment the 
polypeptide has the amino acid sequence as set forth in any of SEQ ID NOS 1,3-7, or 
9-11, including fragments, mutants, variants, analogs, or derivatives, thereof. This 
invention provides an isolated polypeptide comprising an amino acid sequence of a N- 
5 terminal choline binding protein A truncate as set forth in Figure 2. In one embodiment, 
the polypeptide has an amino acid sequence which is a conserved region as set forth in 
Figure 2. 

This invention is directed to analogs of the polypeptide which comprise the amino acid 
1 0 sequence as set forth above. The analog polypeptide may have an N-terminal methionine 
or an N-terminal polyhistidine optionally attached to the N or COOH terminus of the 
polypeptide which comprise the amino acid sequence. 

In another embodiment, this invention contemplates peptide fragments of the polypeptide 
15 which result from proteolytic digestion products of the polypeptide. In another 
embodiment, the derivative of the polypeptide has one or more chemical moieties 
attached thereto. In another embodiment the chemical moiety is a water soluble polymer. 
In another embodiment the chemical moiety is polyethylene glycol. In another 
embodiment the chemical moiety is mon-, di-, tri- or tetrapegylated. In another 
20 embodiment the chemical moiety is N-terminal monopegylated. 

Attachment of polyethylene glycol (PEG) to compounds is particularly useful because 
PEG has very low toxicity, in mammals (Carpenter et al., 1971). For example, a PEG 
adduct of adenosine deaminase was approved in the United States for use in humans for 

25 the treatment of severe combined immunodeficiency syndrome. A second advantage 
afforded by the conjugation of PEG is that of effectively reducing the immunogenicty 
and antigenicity of heterologous compounds. For example, a PEG adduct of a human 
protein might be useful for the treatment of disease in other mammalian species without 
the risk of triggering a severe immune response. The compound of the present invention 

30 may be delivered in a microencapsulation device so as to reduce or prevent an host 
immune response against the compound or against cells which may produce the 
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compound. The compound of the present invention may also be delivered 
microencapsulated in a membrane, such as a liposome. 

Numerous activated forms of PEG suitable for direct reaction with proteins have been 
described. Useful PEG reagents for reaction with protein amino groups include active 
esters of carboxylic acid or carbonate derivatives, particularly those in which the leaving 
groups are N-hydroxysuccinimide, p-nitrophenol, imidazole or l-hydroxy-2- 
nitrobenzene-4-sulfonate. PEG derivatives containing maleimido or haloacetyl groups 
are useful reagents for the modification of protein free sulfhydryl groups. Likewise, 
PEG reagents containing amino hydrazine or hydrazide groups are useful for reaction 
with aldehydes generated by periodate oxidation of carbohydrate groups in proteins. 

In one embodiment, the amino acid residues of the polypeptide described herein are 
preferred to be in the "L" isomeric form. In another embodiment, the residues in the "D" 
isomeric form can be substituted for any L-amino acid residue, as long as the desired 
functional property of lectin activity is retained by the polypeptide. NHj refers to the free 
amino group present at the amino terminus of a polypeptide. COOH refers to the free 
carboxy group present at the carboxy terminus of a polypeptide. Abbreviations used 
herein are in keeping with standard polypeptide nomenclature, J. Biol. Chem., 243:3552- 
59 (1969). 

It should be noted that all amino-acid residue sequences are represented herein by 
formulae whose left and right orientation is in the conventional direction of amino- 
terminus to carboxy-terminus. Furthermore, it should be noted that a dash at the 
beginning or end of an amino acid residue sequence indicates a peptide bond to a further 
sequence of one or more amino-acid residues. 

Synthetic polypeptide, prepared using the well known techniques of solid phase, liquid 
phase, or peptide condensation techniques, or any combination thereof, can include 
natural and unnatural amino acids. Amino acids used for peptide synthesis may be 
standard Boc (N a -amino protected N a -t-butyloxycarbonyl) amino acid resin with the 
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standard deprotecting, neutralization, coupling and wash protocols of the original solid 
phase procedure of Merrifield (1963, J. Am. Chem. Soc. 85:2149-2154), or the base- 
labile N a -amino protected 9-fluorenylmethoxycarbonyl (Fmoc) amino acids first 
described by Carpino and Han (1972, J. Org. Chem. 37:3403-3409). Thus, polypeptide 

5 of the invention may comprise D-amino acids; a combination of D- and L-amino acids, 
and various "designer" amino acids (e.g., (3-methyl amino acids, Ca-methyl amino acids, 
and Na-methyl amino acids, etc.) to convey special properties. Synthetic amino acids 
include ornithine for lysine, fluorophenylalanine for phenylalanine, and norleucine for 
leucine or isoleucine. Additionally, by assigning specific amino acids at specific coupling 

10 steps, a-helices, P turns, p sheets, y -turns, and cyclic peptides can be generated. 

In one aspect of the invention, the peptides may comprise a special amino acid at the C- 
terminus which incorporates either a C0 2 H or CONH 2 side chain to simulate a free 
glycine or a glycine-amide group. Another way to consider this special residue would be 
15 as a D or L amino acid analog with a side chain consisting of the linker or bond to the 
bead. In one embodiment, the pseudo-free C-terminal residue may be of the D or the L 
optical configuration; in another embodiment, aracemic mixture of D and L-isomers may 
be used. 

20 In an additional embodiment, pyroglutamate may be included as the N-terminal residue 
of the peptide. Although pyroglutamate is not amenable to sequence by Edman 
degradation, by limiting substitution to only 50% of the peptides on a given bead with N- 
terminal pyroglutamate, there will remain enough non-pyroglutamate peptide on the bead 
for sequencing. One of ordinary skill would readily recognize that this technique could 

25 be used for sequencing of any peptide that incorporates a residue resistant to Edman 
degradation at the N-terminus. Other methods to characterize individual peptides that 
demonstrate desired activity are described in detail infra. Specific activity of a peptide 
that comprises a blocked N-terminal group, e.g. , pyroglutamate, when the particular N- 
terminal group is present in 50% of the peptides, would readily be demonstrated by 

30 comparing activity of a completely (100%) blocked peptide with a non-blocked (0%) 
peptide. 
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In addition, the present invention envisions preparing peptides that have more well 
defined structural properties, and the use of peptidomimetics, and peptidomimetic bonds, 
such as ester bonds, to prepare peptides with novel properties. In another embodiment, 
a peptide may be generated that incorporates a reduced peptide bond, i.e., R,-CH 2 -NH- 

5 R 2 , where R, and R 2 are amino acid residues or sequences. A reduced peptide bond may 
be introduced as a dipeptide subunit. Such a molecule would be resistant to peptide bond 
hydrolysis, e.g., protease activity. Such peptides would provide ligands with unique 
function and activity, such as extended half-lives in vivo due to resistance to metabolic 
breakdown, or protease activity. Furthermore, it is well known that in certain systems 

10 constrained peptides show enhanced functional activity (Hruby, 1982, Life Sciences 
3 1 :189-199; Hruby et al., 1990, Biochem J. 268:249-262); the present invention provides 
a method to produce a constrained peptide that incorporates random sequences at all other 
positions. 

15 A constrained, cyclic or rigidized peptide may be prepared synthetically, provided that 
in at least two positions in the sequence of the peptide an amino acid or amino acid 
analog is inserted that provides a chemical functional group capable of cross-linking to 
constrain, cyclise or rigidize the peptide after treatment to form the cross-link. 
Cyclization will be favored when a turn-inducing amino acid is incorporated. Examples 
20 of amino acids capable of cross-linking a peptide are cysteine to form disulfide, aspartic 
acid to form a lactone or a lactase, and a chelator such as y-carboxyl-glutamic acid (Gla) 
(Bachem) to chelate a transition metal and form a cross-link. Protected y-carboxyl 
glutamic acid may be prepared by modifying the synthesis described by Zee-Cheng and 
Olson (1980, Biophys. Biochem. Res. Commun. 94:1 128-1 132). A peptide in which the 
25 peptide sequence comprises at least two amino acids capable of cross-linking may be 
treated, e.g. , by oxidation of cysteine residues to form a disulfide or addition of a metal 
ion to form a chelate, so as to cross-link the peptide and form a constrained, cyclic or 
rigidized peptide. 

30 The present invention provides strategies to systematically prepare cross-links. For 
example, if four cysteine residues are incorporated in the peptide sequence, different 
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protecting groups may be used (Hiskey, 1981, in The Peptides: Analysis, Synthesis, 
Biology, Vol. 3, Gross and Meienhofer, eds., Academic Press: New York, pp. 137-167; 
Ponsanti et al., 1990, Tetrahedron 46:8255-8266). The first pair of cysteine may be 
deprotected and oxidized, then the second set may be deprotected and oxidized. In this 
5 way a defined set of disulfide cross-links may be formed. Alternatively, a pair of cysteine 
and a pair of collating amino acid analogs may be incorporated so that the cross-links are 
of a different chemical nature. 

The following non-classical amino acids may be incorporated in the peptide in order to 
10 introduce particular conformational motifs: l,2,3,4-tetrahydroisoquinoline-3-carboxylate 
(Kazmierski et al., 1991, J. Am. Chem. Soc. 113:2275-2283); (2S,3S)-methyl- 
phenylalanine, (2S,3R)-methyl-phenylalanine, (2R,3S)-methyl-phenylalanine and 
(2R,3R)-methyl-phenylalanine (Kazmierski and Hruby, 1991, Tetrahedron Lett.); 2- 
aminotetrahydronaphthalene-2-carboxylic acid (Landis, 1989, Ph.D. Thesis, University 
15 of Arizona); hydroxy-l,2,3,4-tetrahydroisoquinoline-3-carboxylate (Miyake et al., 1989, 
J. Takeda Res. Labs. 43:53-76); P-carboline (D and L) (Kazmierski, 1988, Ph.D. Thesis, 
University of Arizona); HIC (histidine isoquinoline carboxylic acid) (Zechel et al., 1991, 
Int. J. Pep. Protein Res. 43); and HIC (histidine cyclic urea) (Dharanipragada). 

20 The following amino acid analogs and peptidomimetics may be incorporated into a 
peptide to induce or favor specific secondary structures: LL-Acp (LL-3-amino- 
2-propenidone-6-carboxylic acid), a P-turn inducing dipeptide analog (Kemp et al., 1985, 
J. Org. Chem. 50:5834-5838); P-sheet inducing analogs (Kemp et al., 1988, Tetrahedron 
Lett. 29:5081-5082); p-turn inducing analogs (Kemp et al., 1988, Tetrahedron Lett. 

25 29:5057-5060); --helix inducing analogs (Kemp et al., 1988, Tetrahedron Lett. 29:4935- 
4938); Y-turn inducing analogs (Kemp et al., 1989, J. Org. Chem. 54:109:115); and 
analogs provided by the following references: Nagai and Sato, 1985, Tetrahedron Lett. 
26:647-650; DiMaio et al., 1989, J. Chem. Soc. Perkin Trans, p. 1687; also a Gly-Ala 
turn analog (Kahn et al., 1989, Tetrahedron Lett. 30:2317); amide bond isostere (Jones 

30 et al., 1988, Tetrahedron Lett. 29:3853-3856); tretrazol (Zabrocki et al., 1988, J. Am. 
Chem. Soc. 110:5875-5880); DTC (Samanen et al., 1990, Int. J. Protein Pep. Res. 
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35:501 :509); and analogs taught in Olson et al., 1990, J. Am. Chem. Sci. 1 12:323-333 
and Garvey et al, 1990, J. Org. Chem. 56:436. Conformationally restricted mimetics of 
beta turns and beta bulges, and peptides containing them, are described in U.S. Patent No. 
5,440,013, issued August 8, 1995 to Kahn. 

5 

The present invention further provides for modification or derivatization of the 
polypeptide or peptide of the invention. Modifications of peptides are well known to one 
of ordinary skill, and include phosphorylation, carboxymethylation, and acylation. 
Modifications may be effected by chemical or enzymatic means. In another aspect, 

10 glycosylated or fatty acylated peptide derivatives may be prepared. Preparation of 
glycosylated or fatty acylated peptides is well known in the art. Fatty acyl peptide 
derivatives may also be prepared. For example, and not by way of limitation, a free 
amino group (N-terminal or lysyl) may be acylated, e.g., myristoylated. In another 
embodiment an amino acid comprising an aliphatic side chain of the structure -(CH 2 ) n CH 3 

1 5 may be incorporated in the peptide. This and other peptide-fatty acid conjugates suitable 
for use in the present invention are disclosed in U.K. Patent GB-8809162.4, International 
Patent Application PCT/AU89/00166, and reference 5, supra. 

Mutations can be made in a nucleic acid encoding the polypeptide such that a particular 
20 codon is changed to a codon which codes for a different amino acid. Such a mutation is 
generally made by making the fewest nucleotide changes possible. A substitution 
mutation of this sort can be made to change an amino acid in the resulting protein in a 
non-conservative manner (i.e., by changing the codon from an amino acid belonging to 
a grouping of amino acids having a particular size or characteristic to an amino acid 
25 belonging to another grouping) or in a conservative manner (i.e., by changing the codon 
from an amino acid belonging to a grouping of amino acids having a particular size or 
characteristic to an amino acid belonging to the same grouping). Such a conservative 
change generally leads to less change in the structure and function of the resulting 
protein. A non-conservative change is more likely to alter the structure, activity or 
30 function of the resulting protein. The present invention should be considered to include 
sequences containing conservative changes which do not significantly alter the activity 
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or binding characteristics of the resulting protein. Substitutes for an amino acid within 
the sequence may be selected from other members of the class to which the amino acid 
belongs. For example, the nonpolar (hydrophobic) amino acids include alanine, leucine, 
isoleucine, valine, proline, phenylalanine, tryptophan and methionine. Amino acids 

5 containing aromatic ring structures are phenylalanine, tryptophan, and tyrosine. The 
polar neutral amino acids include glycine, serine, threonine, cysteine, tyrosine, 
asparagine, and glutamine. The positively charged (basic) amino acids include arginine, 
lysine and histidine. The negatively charged (acidic) amino acids include aspartic acid 
and glutamic acid. Such alterations will not be expected to affect apparent molecular 

1 0 weight as determined by polyacry lamide gel electrophoresis, or isoelectric point. 

Particularly preferred substitutions are: 

- Lys for Arg and vice versa such that a positive charge may be maintained; 

- Glu for Asp and vice versa such that a negative charge may be maintained; 
15 - Ser for Thr such that a free -OH can be maintained; and 

- Gin for Asn such that a free NH 2 can be maintained. 

Synthetic DNA sequences allow convenient construction of genes which will express 
analogs or "muteins". A general method for site-specific incorporation of unnatural amino 
20 acids into proteins is described inNoren, et al. Science, 244:182-188 (April 1989). This 
method may be used to create analogs with unnatural amino acids. 

In accordance with the present invention there may be employed conventional molecular 
biology, microbiology, and recombinant DNA techniques within the skill of the art. Such 

25 techniques are explained fully in the literature. See, e.g., Sambrook et al, "Molecular 
Cloning: A Laboratory Manual" (1989); "Current Protocols in Molecular Biology" 
Volumes I-III [Ausubel, R. M., ed. (1994)]; "Cell Biology: A Laboratory Handbook" 
Volumes I-III [J. E. Celis, ed. (1994))]; "Current Protocols in Immunology" Volumes I-III 
[Coligan, J. E., ed. (1994)]; "Oligonucleotide Synthesis" (M.J. Gait ed. 1984); "Nucleic 

30 Acid Hybridization" [B.D. Hames & S.J. Higgins eds. (1985)]; "Transcription And 
Translation" [B.D. Hames & S.J. Higgins, eds. (1984)]; "Animal Cell Culture" [R.I. 
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Freshney, ed. (1986)]; "Immobilized Cells And Enzymes" [IRL Press, (1986)]; B. Perbal, 
"A Practical Guide To Molecular Cloning" (1984). 


In an additional embodiment, pyroglutamate may be included as the N-terminal residue 
5 of the peptide. Although pyroglutamate is not amenable to sequence by Edman 
degradation, by limiting substitution to only 50% of the peptides on a given bead with 
N-terminal pyroglutatamate, there will remain enough non-pyroglutamate peptide on 
the bead for sequencing. One of ordinary skill in would readily recognize that this 
technique could be used for sequencing of any peptide that incorporates a residue 
10 resistant to Edman degradation at the N-terminus. Other methods to characterize 
individual peptides that demonstrate desired activity are described in detail infra. 
Specific activity of a peptide that comprises a blocked N-terminal group, e.g., 
pyroglutamate, when the particular N-terminal group is present in 50% of the peptides, 
would readily be demonstrated by comparing activity of a completely (100%) blocked 
1 5 peptide with a non-blocked (0 % ) peptide . 

Chemical Moieties For Derivatization. Chemical moieties suitable for derivatization may 
be selected from among water soluble polymers. The polymer selected should be water 
soluble so that the component to which it is attached does not precipitate in an aqueous 

20 environment, such as a physiological environment. Preferably, for therapeutic use of the 
end-product preparation, the polymer will be pharmaceutically acceptable. One skilled 
in the art will be able to select the desired polymer based on such considerations as 
whether the polymer/component conjugate will be used therapeutically, and if so, the 
desired dosage, circulation time, resistance to proteolysis, and other considerations. For 

25 the present component or components, these may be ascertained using the assays 
provided herein. 

The water soluble polymer may be selected from the group consisting of, for example, 
polyethylene glycol, copolymers of ethylene glycol/propylene glycol, 
30 carboxymethylcellulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone, poly-1, 
3-dioxolane, poly-1, 3, 6-trioxane, ethylene/maleic anhydride copolymer, polyaminoacids 


(either homopolymers or random copolymers), and dextran or poly(n-vinyl 
pyrrolidone)polyethylene glycol, propropylene glycol homopolymers, prolypropylene 
oxide/ethylene oxide co- polymers, polyoxyethylated polyols and polyvinyl alcohol. 
Polyethylene glycol propionaldenhyde may have advantages in manufacturing due to its 
stability in water. 

The polymer may be of any molecular weight, and may be branched or unbranched. For 
polyethylene glycol, the preferred molecular weight is between about 2kDa and about 
lOOkDa (the term "about" indicating that in preparations of polyethylene glycol, some 
molecules will weigh more, some less, than the stated molecular weight) for ease in 
handling and manufacturing. Other sizes may be used, depending on the desired 
therapeutic profile (e.g., the duration of sustained release desired, the effects, if any on 
biological activity, the ease in handling, the degree or lack of antigenicity and other 
known effects of the polyethylene glycol to a therapeutic protein or analog). 

The number of polymer molecules so attached may vary, and one skilled in the art will 
be able to ascertain the effect on function. One may mono-derivatize, or may provide for 
a di-, tri-, tetra- or some combination of. derealization, with the same or different 
chemical moieties (e.g., polymers, such as different weights of polyethylene glycols). 
The proportion of polymer molecules to component or components molecules will vary, 
as will their concentrations in the reaction mixture. In general, the optimum ratio (in 
terms of efficiency of reaction in that there is no excess unreacted component or 
components and polymer) will be determined by factors such as the desired degree of 
derivatization (e.g., mono, di-, tri-, etc.), the molecular weight of the polymer selected, 
whether the polymer is branched or unbranched, and the reaction conditions. 

The polyethylene glycol molecules (or other chemical moieties) should be attached to the 
component or components with consideration of effects on functional or antigenic 
domains of the protein. There are a number of attachment methods available to those 
) skilled in the art, e.g. , EP 0 40 1 384 herein incorporated by reference (coupling PEG to 
G-CSF), see also Malik et al., 1992, Exp. Hematol. 20:1028-1035 (reporting pegylation 
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of GM-CSF using tresyl chloride). For example, polyethylene glycol may be covalently 
bound through amino acid residues via a reactive group, such as, a free amino or carboxyl 
group. Reactive groups are those to which an activated polyethylene glycol molecule 
may be bound. The amino acid residues having a free amino group include lysine 
5 residues and the - terminal amino acid residues; those having a free carboxyl group 
include aspartic acid residues glutamic acid residues and the C-terminal amino acid 
residue. Sulfhydrl groups may also be used as a reactive group for attaching the 
polyethylene glycol molecule(s). Preferred for therapeutic purposes is attachment at an 
amino group, such as attachment at the N-terminus or lysine group. 

10 

This invention provides an isolated nucleic acid encoding a polypeptide comprising an 
amino acid sequence of a N-terminal choline binding protein A truncate. This invention 
provides an isolated nucleic acid encoding a polypeptide comprising an amino acid 
sequence of a N-terminal choline binding protein A truncate as set forth in Figure 2. In 
1 5 one embodiment the nucleic acid is set forth in any of SEQ ID NOS 1 2, 1 4- 1 7, or 1 9-2 1 , 
including fragments, mutants, variants, analogs, or derivatives, thereof. The nucleic 
acid is DNA, cDNA, genomic DNA, RNA. Further, the isolated nucleic acid may be 
operatively linked to a promoter of RNA transcription. It is contemplated that the nucleic 
acid is used to competitively inhibit the lectin activity. 

20 

A "vector" is a replicon, such as plasmid, phage or cosmid, to which another DNA 
segment may be attached so as to bring about the replication of the attached segment. 

A "DNA" refers to the polymeric form of deoxyribonucleotides (adenine, guanine, 
25 thymine, or cytosine) in its either single stranded form, or a double- stranded helix. This 
term refers only to the primary and secondary structure of the molecule, and does not 
limit it to any particular tertiary forms. Thus, this term includes double-stranded DNA 
found, inter alia, in linear DNA molecules (e.g., restriction fragments), viruses, plasmids, 
and chromosomes. In discussing the structure of particular double-stranded DNA 
30 molecules, sequences may be described herein according to the normal convention of 
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giving only the sequence in the 5' to 3 r direction along the nontranscribed strand of DNA 
(i.e., the strand having a sequence homologous to the mRNA). 

A DNA sequence is "operatively linked" to an expression control sequence when the 
5 expression control sequence controls and regulates the transcription and translation of 
that DNA sequence. The term "operatively linked" includes having an appropriate start 
signal (e.g., ATG) in front of the DNA sequence to be expressed and maintaining the 
correct reading frame to permit expression of the DNA sequence under the control of the 
expression control sequence and production of the desired product encoded by the DNA 
10 sequence. If a gene that one desires to insert into a recombinant DNA molecule does not 
contain an appropriate start signal, such a start signal can be inserted in front of the gene. 

Further this invention also provides a vector which comprises the above-described 
nucleic acid molecule. The promoter may be, or is identical to, a bacterial, yeast, insect 
1 5 or mammalian promoter. Further, the vector may be a plasmid, cosmid, yeast artificial 
chromosome (YAC), bacteriophage or eukaryotic viral DNA. 

Other numerous vector backbones known in the art as useful for expressing protein may 
be employed. Such vectors include, but are not limited to: adenovirus, simian virus 40 

20 (SV40), cytomegalovirus (CMV), mouse mammary tumor virus (MMTV), Moloney 
murine leukemia virus, DNA delivery systems, i.e. liposomes, and expression plasmid 
delivery systems. Further, one class of vectors comprises DNA elements derived from 
viruses such as bovine papilloma virus, polyoma virus, baculovirus, retroviruses or 
Semliki Forest virus. Such vectors may be obtained commercially or assembled from the 

25 sequences described by methods well-known in the art. 

This invention also provides a host vector system for the production of a polypeptide 
which comprises the vector of a suitable host cell. Suitable host cells include, but are not 
limited to, prokaryotic or eukaryotic cells, e.g. bacterial cells (including gram positive 
30 cells), yeast cells, fungal cells, insect cells, and animals cells. Numerous mammalian 
cells may be used as hosts, including, but not limited to, the mouse fibroblast cell NIH 
3T3, CHO cells, HeLa cells, Ltk cells, Cos cells, etc. 
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A wide variety of host/expression vector combinations may be employed in expressing 
the DNA sequences of this invention. Useful expression vectors, for example, may 
consist of segments of chromosomal, non-chromosomal and synthetic DNA sequences. 
Suitable vectors include derivatives of SV40 and known bacterial plasmids, e.g., E. coli 
plasmids col El, pCRl, pBR322, pMB9 and their derivatives, plasmids such as RP4; 
phage DNAS, e.g., the numerous derivatives of phage A, e.g., NM989, and other phage 
DNA, e.g., Ml 3 and filamentous single stranded phage DNA; yeast plasmids such as the 
2u plasmid or derivatives thereof; vectors useful in eukaryotic cells, such as vectors 
useful in insect or mammalian cells; vectors derived from combinations of plasmids and 
phage DNAs, such as plasmids that have been modified to employ phage DNA or other 
expression control sequences; and the like. 

Any of a wide variety of expression control sequences - sequences that control the 
expression of a DNA sequence operatively linked to it ~ may be used in these vectors to 
express the DNA sequences of this invention. Such useful expression control sequences 
include, for example, the early or late promoters of SV40, CMV, vaccinia, polyoma or 
adenovirus, the lac system, the trp system, the TAC system, the TRC system, the LTR 
system, the major operator and promoter regions of phage X, the control regions of fd coat 
protein, the promoter for 3-phosphoglycerate kinase or other glycolytic enzymes, the 
promoters of acid phosphatase (e.g., Pho5), the promoters of the yeast cc-mating factors, 
and other sequences known to control the expression of genes of prokaryotic or 
eukaryotic cells or their viruses, and various combinations thereof. 

A wide variety of unicellular host cells are also useful in expressing the DNA sequences 
of this invention. These hosts may include well known eukaryotic and prokaryotic hosts, 
such as strains of E. coli, Pseudomonas, Bacillus, Streptomyces, fungi such as yeasts, and 
animal cells, such as CHO, Rl.l, B-W and L-M cells, African Green Monkey kidney cells 
(e.g., COS 1, COS 7, BSC1, BSC40, and BMT10), insect cells (e.g., Sf9), and human 
cells and plant cells in tissue culture. 

It will be understood that not all vectors, expression control sequences and hosts will 
function equally well to express the DNA sequences of this invention. Neither will all 
hosts function equally well with the same expression system. However, one skilled in 
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the art will be able to select the proper vectors, expression control sequences, and hosts 
without undue experimentation to accomplish the desired expression without departing 
from the scope of this invention. For example, in selecting a vector, the host must be 
considered because the vector must function in it. The vector's copy number, the ability 
5 to control that copy number, and the expression of any other proteins encoded by the 
vector, such as antibiotic markers, will also be considered. 

In selecting an expression control sequence, a variety of factors will normally be 
considered. These include, for example, the relative strength of the system, its 

10 controllability, and its compatibility with the particular DNA sequence or gene to be 
expressed, particularly as regards potential secondary structures. Suitable unicellular 
hosts will be selected by consideration of, e.g., their compatibility with the chosen vector, 
their secretion characteristics, their ability to fold proteins correctly, and their 
fermentation requirements, as well as the toxicity to the host of the product encoded by 

15 the DNA sequences to be expressed, and the ease of purification of the expression 
products. 

This invention further provides a method of producing a polypeptide which comprises 
growing the above-described host vector system under suitable conditions permitting the 
20 production of the polypeptide and recovering the polypeptide so produced. 

This invention further provides an antibody capable of specifically recognizing or binding 
to the isolated polypeptide. The antibody may be a monoclonal or polyclonal antibody. 
Further, the antibody may be labeled with a detectable marker that is either a radioactive, 
25 colorimetric, fluorescent, or a luminescent marker. The labeled antibody may be a 
polyclonal or monoclonal antibody. In one embodiment, the labeled antibody is a 
purified labeled antibody. Methods of labeling antibodies are well known in the art. 

The term "antibody" includes, by way of example, both naturally occurring and non- 
naturally occurring antibodies. Specifically, the term "antibody" includes polyclonal and 
monoclonal antibodies, and fragments thereof. Furthermore, the term "antibody" includes 
chimeric antibodies and wholly synthetic antibodies, and fragments thereof.Such 
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antibodies include but are no, limited .0 polyclonal, monoclonal, chimeric, single chain, 
Fab fragments, and an Fab expression library. 

Various procedures known ,n the art may be used for the production of polyciona, 
5 antibodies to polypeptide or derivatives or analogs thereof isee, , g ., Anl.boAes - A 
moratory M^/.Harlow and Lane, eds., Cold Spring Harbor Laboratory Press: Cold 
Spring Harbor, Ne York, ,988). For the production of antibody, various host anrmals can 
be immunized by injection with the truncated CbpA, or a derivative fragment or 
fusion protem) thereof, .ncluding bu, no. limned to rabbits, mice, rats, sheep, goats, etc. 
10 in one embodrment, the polypeptide can be conjugated to an immunogemc earner, , g . 
bovine serum albumin (BSA) or keyhole limpet hemocyanin (KLH). Various adjuvant 
m ay be used to increase the immunologrcal response, depending on the host speces. 

For preparation of monoclonal antibodies, or fragment, analog, or derivative thereof any 
in culture may beused( SeE ,,,,^^^ 

eds., Cold Sprmg Harbor Laboratory Press: C oldSpn„ g Harbor,NeVork, ,98 s). Tr.se 
include bu, are no, limited to the hybridoma technique originally developed by Kohier 
and Milstein (1975, Nature 256:495-497), as well as the trioma technique, the human B- 
20 cellhyb ri do m a,echnique(Ko Z boreta 1 ., 1983,,rnmuno.ogyToday4:72 ) ,an tire EBV 
hybridoma technique to produce human monoclonal antibodies (Cole et al. 985, 
Monacal AnUboScs and Cancer Tnerapy, Alan R. Liss, Inc., pp. 77-96). In an 
additional embodiment of , he invention, monoclonal antibodies can be produced m germ- 
ftee an.ma.s utilizing recent tecltno.ogy (PCT/US90/02545, According to the invention, 
25 human antibodies may be used and can be obtamed by using human hybridomas (Cote 
e, al 1983 Proc. Natl. Acad. Sci. U.S.A. 80:2026-2030) or by transforming human B 
cens with EBV virus ,„ vUro (Cole e, al,:, ,985, m Monoclonal Angles an, Cancer 
Tkerapy, Alan R. Liss, pp. 77-96). In fact, according ,0 the invention, techntques 
developedfor,heproductionof''chimer 1 ea„,ibodiesHMorr 1 soneta,.,,984,LBac,eno,. 

30 ,59-870; Neuberger e, a,., ,984, Nature 3,2:604-608; Takeda e, al., ,985, Nature 
3,4 452-454) by splicing the genes from a mouse antibody molecule specfic for 
polypeptide together with genes from a human antibody molecule of approbate 
biological activity can be used; such antibodies are within the scope of tins mvention. 
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Such human or humanized chimeric antibodies are preferred for use in therapy of human 
diseases or disorders (described infra), since the human or humanized an.ibod.es are 
much less likely than xenogenic antibodies to induce an immune response, in particular 
an allergic response, themselves. An additional embodiment of the invention utihzes the 
5 techniques described for the construction of Fab expression libraries (Huse et al., 1989, 
Science 246- 1275-1281) to allow rapid and easy identification of monoclonal Fab 
fragments with the desired, pecificity for the polypeptide, or its derivatives, or analogs. 

Antibody fragments which contain the tdiotype of the antibody molecule can be generated 
10 by known techniques. For example, such fragments include but are no, limited to: the 
Ffab'X fragment which can be produced by pepsin digestion of the antibody molecule; the 
Fab' fragments which can be generated by reducing the disulfide bridges of the F(ab') 2 
fragment, and the Fab fragments which can be generated by treating the antibody 
molecule with papain and a reducing agent. 

In the production of antibodies, screening for the desired antibody can be accomplished 
by techniques known in the art, , g ., radioimmunoassay, ELISA (enzyme-linked 
immunosorbant assay), "sandwich" immunoassays, immunoradiometric assays, gel 
diffusion precipitin reactions, immunodiffusion assays, in si,u immunoassays (using 
20 colloidal gold, enzyme or radioisotope labels, for example), western blots, precipitation 
reactions, agglutination assays gel agglutination assays, hemagglutination assays), 
complement fixation assays, immunofluorescence assays, protein A assays, and 
immunoelectrophoresis assays, etc. In one embodiment, antibody binding is detected by 
detecting a label on the primary antibody. In another embodiment, the primary antibody 
25 .s detected by detecting binding of a secondary antibody or reagent to the primary 
antibody. In a further embodiment, the secondary antibody is labeled. Many means are 
known in the art for detecting binding in an immunoassay and are within the scope of the 
present invention. 

30 Antibodies can be labeled for detection in vi.ro, eg., with labels such as enzymes, 
fluorophores, ehromophores, radioisotopes, dyes, colloidal gold, latex particles, and 
chemiluminescent agents. Alternatively, the antibodies can be labeled for detection in 
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v/vo, e.g. , with radioisotopes (preferably technetium or iodine); magnetic resonance shift 
reagents (such as gadolinium and manganese); or radio-opaque reagents. 

The labels most commonly employed for these studies are radioactive element,, enzymes, 
5 chemicals which fluoresce when exposed to ultraviolet light, and others.A number of 
fluorescent materials are known and can be utilized as labels. These include, for 
example, fluorescein, rhodamine, auramine, Texas Red, AMCA blue and Lucifer Yellow. 
A particular detecting material is an.i-rabb.t antibody prepared in goats and conjugated 
with fluorescein through an isothiocyanate. The polypeptide can also be labeled wtth a 
10 radioactive element or with an enzyme. The radioactive label can be detected by any of 
the currently avatlable counting procedures. The preferred tsotope may be selected from 
3 H l4 C, !2 P, "S, 36 C1, "Cr, "Co, 5, Co, s 'Fe, "Y, ,2! I, l3 'I, and l!6 Re. 

Enzyme labels are likewise useful, and can be detected by any of the presently utilized 
15 colorimetric, spectrophotometrie, fluorospectrophotometric, amperometric or gasometnc 
techniques. The enzyme is conjugated to the selected particle by reaction with bndgtng 
molecules such as carbodiimides, diisocyanates, glutaraldehyde and the like. Many 
enzymes which can be used in these procedures are known and can be utilized. The 
preferred are peroxidase, fl-glucuronidase, B-D-glucosidase, B-D-galactosidase, urease, 
20 glucose oxidase plus peroxidase and alkaline phosphatase. U.S. Patent Nos. 3,654,090; 
3,850,752; and 4,016,043 are referred to by way of example for their disclosure of 
alternate labeling material and methods. 

In a further embodiment of this invention, commercial test kits su.table for use by a 
25 medical specalist may be prepared to determine the presence or absence of 
predetermined binding activity or predetermined bindmg activity capabihty to suspected 
target cells. In accordance with the testing techniques discussed above, one class of such 
kits will contain at least the labeled polypeptide or its binding partner, for instance an 
antibody specific thereto, and directions, of course, depending upon the method selected, 
30 e.g., "competitive," "sandwich," "DASP" and the like. The kits may also contam 
peripheral reagents such as buffers, stabilizers, etc. 
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Accordingly, a test kit may be prepared for the demonstrate of the presence or 
capability of cells for predetermined bacterial binding activity, comprising: 

(a) a predetermined amount of at least one labeled immunochemically reactive 
component obtained by the direct or indirect attachment of the present the polypeptide 
or a specific binding partner thereto, to a detectable label; 

(b) other reagents; and 

(c) directions for use of said kit. 

This invention provides antagonist or blocking agents which include but are not limited 
to- peptide fragments, mimetic, a nucleic acid molecule, a ribozyme, a polypeptide, a 
small molecule, a carbohydrate molecule, a monosaccharide, an oligosaccharide or an 
antibody. Also, agents which competitively block or inhibit pneumococcal bacterium are 
contemplmated by this invention. This invention provides an agent which comprises an 
inorganic compound, a nucleic acid molecule, an oligonucleotide, an organic compound, 
a peptide, a peptidomimetic compound, or a protein which inhibits the polypeptide. 

This invention provides a vaccine which comprises the polypeptide having the amino acid 
sequence as set forth in any of SEQ ID NOS: 1, 3-7, 9-11, 22, and 23 and a 
pharmaceutically acceptable adjuvant or carrier. The polypeptide may comprise an 
amino acid sequence of a N-terminal choline binding protein A truncate as set forth in 
Figure 2. This invention provides a vaccine which comprises the polypeptide having the 
amino acid sequence which comprises a conserved region as set forth in Figure 2 and a 
pharmaceutically acceptable adjuvant or carrier. For example, conserved regions include 
but are not limited to amino acid sequence 158 to 172; 300 to 321; 331 to 339; 355 to 
365- 367 to 374; 379 to 389; 409 to 427; and 430 to 447. This invention provides a 
vaccine comprising the isolated nucleic acid encoding the polypeptide and a 
pharmaceutically acceptable adjuvant or carrier. 

Active immunity against Gram positive bacteria, particularly pneumococcus, can be 
) induced by immunization (vaccination) with an immunogenic amount of the polypeptide, 
or peptide derivative or fragment thereof, and an adjuvant, wherein the polypeptide, or 
antigenic derivative or fragment thereof, is the antigenic component of the vaccine. 
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The present invention, or fragments thereof, can be prepared in an admixture w.th an 
a dj uvan,toprepareavaccine. Preferable derivattve or fragment thereof used a, the 
jtigeniceomponentofthevaceineisanadhesm. More preferably the polypepttde o 
peptide derivative or fragment thereof, used as the antigenic component of the vaccme 
5 is an antigen common to an or many strains of a species of Gram positive bactena, or 

_.o closely related species of bacteria. Most preferable antigenic component 

of the vaccine is an adhesin that is a common antigen. 

Vectors containing me nucleic acid-based vaccine of the invention can be introduced into 
10 the desired host by methods known in the art, ,,, Section, electropora on, 
microinjecnon.transducuon.c^^^^^ 

lipofection (lysosome fusion), use of a gene gun, or a DNA vector transporter (see, e.g., 
1 e, a, 1992, J. Biol. Chem. 267:963-967; Wu and Wu, ,988, J. Btol. Chem. 
263:14621-14624; Hartmut e« al., Canadian Patent Application No. 2,012,311, filed 
15 March 15, 1990). 

The vaccme can be administered vta any parenteral route, including but notlimited to 
intramuscular, tntraperitoneal, mtravenous, and the H k e. Preferably, s,n« : the destred 

20 pathogenic organism, administration directly, or by targeting or choice of a vtra, vector, 

acid vaccines, since retroviruses require replicating cells. 

25 Passive immunity can be conferred ,0 an animal subject suspected of suffering an 
infection with a Gram positive bacterium, preferably streptococcal, and more preferably 
pneumoccal, by administering antiserum, polyclonal antibodies, or a ne— 
monoclonal antibody against a polypeptide of the invention to the patten, « 

30 treatment of a bacterial infeCon of a su bj ec. who has not been vaccmated. Pass- 

osttive balta, stnce no other therapy may be available. Preferably, the an„bod, 
administeredforpassive immune therapy are autologous antibodies. For example, ,f the 
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subject is a human, preferably the an.ibod.es are of human origin or have been 
"humanized," in order to minimize the possibility of an immune response agamst the 
antibodies. The active or passive vaccines of the invention, or the administrate of an 
adhesin, can be used to protect an animal subject from infection of a Gram posmve 
bacteria, preferably streptococcus, and more preferably, pneumococcus. 

This invention provides a pharmaceutical composition comprising an amount of the 
polypeptide as described and a pharmaceutical!, acceptable carrier or diluent. 

For example, such pharmaceutical compos.tion for preventing pneumococcal attachment 
to mucosa, surface may include antibody to lectin domain and/or soluble excess lectm 
domain proteins. Blocking adherence by either mechanism blocks the initia! step m 
mfection thereby reducing conization. This in turn decreases person to person 
transmission and prevents development of symptomatic disease. 

This invention provides a method of inducing an immune response in a subject which has 
been exposed to or infected with a pneumococcal bacterium comprising adrmmstenng 
to the subject an amount of the pharmaceutical composition, thereby inducing an — 

response. 

This invention provides a method for preventing infection by a pneumococcal bacterium 
in a subject comprising administenng ,0 the subject an amount of the pharmaceut.ca, 
compositioneffectivetopreventpneumococca, bacterium afachment, thereby preventmg 
infection by a pneumococcal bacterium. 

This invention provides a method for preventing infection by a pneumococcal bacterium 
in a subject comprising administering to the subject an amount of a pharmaceuhcal 
composition comprising the antibody and a pharmaceutical* acceptable earner or 
diluent, thereby preventing infection by a pneumococcal bactenum. 

This invention provides a method for treating a subject tnfected with or exposed to 
pneumococcal bacterium comprising administering to the subject a therapeuttcally 
effective amount of the vaccine, thereby treating the subject. 


This invention provides a method of inhibiting colonization of host cells in a subject 
which has been exposed to or infected with a pneumococcal bacterium compnsmg 
administering to the subject an amount of the phan.aceu.ical composition compnstng the 
polypeptide consisting of the amino acid sequence as set forth in any of SEQ ID NOS , 
5 3 5 7 or 9-11 thereby inducing an immune response. The therapeutic pept.de that 
blocks colonization is delivered by the resp.ratory mucosal. The pharmaceuttcal 
composition comprising the polypeptide consisting of the amino acid sequence as se, 
forth in Figure 2. 

10 As used herein, "pharmaceuttcal composition" could mean therapeuticaUy effective 
amounts of polypeptide products of the invention together with suitable diluents 
preservatives, solubilizers, emuls.fiers, adjuvant and/or carriers useful in SCF (stem cell 
factor) therapy. A '■therapeutically effective amount" as used herein refers to that amount 
which provides a therapeutic effect for a g.ven condition and administration regtmen. 
15 Such compositions are liquids or lyophilized or otherwise dried formulations and tnclude 
diluents of various buffer content (e.g., Tris-HC, acetate, phosphate), pH and tome 
strength additives such as albumin or gelatin to prevent absorption to surfaces, detergents 
(e g Tween 20, Tween 80, Plutonic F68, bile acid salts), solubilizing agents (e.g., 
glycerol, polyethylene glycerol), anti-oxidants (e.g., ascorbic acid, sodium metab,su.fite), 
preservatives (e.g., Thimerosal, benzyl alcohol, parabens), bulking substances or tomctty 
modifiers (e.g., lactose, manni.ol), covaient attachment of polymers such as polyethy.ene 
glycol to the protein, complexauon with metal ions, or incorporation of the matena. mto 
or onto particulate preparations of polymeric compounds such as polylactic actd, 
polglycoltc acid, hydrogels, etc, or onto liposomes, microemulsions, micelles, unilamellar 
25 or multilamellar vesicles, erythrocyte ghosts, or spheroplasts. Such compositions wtl. 
influence the physical state, solubility, stability, rate ofir^o release, and rate ofm^S 
clearance of SCF. The choice of compositions will depend on the physical and chem.cal 
properties of the protein having SCF activity. For example, a product derived from a 
membrane-bound form of SCF may require a formulation containing detergent. 
30 Controlled or sustained release compositions include formulation in lipophilic depots 
(e g fatty acids, waxes, oils). Also comprehended by the invention are parturiate 
compositions coated with polymers (e.g., poloxamers or poloxamines) and SCF coupled 
,o antibodies directed against tissue-specific receptors, ligands or aatigens or coupled to 
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ligands of tissue-specific receptors. Other embodiments of the compositions of the 
invention incorporate particuiate forms protective coatings, protease inhibitors or 
permeation enhancers for various routes of administration, including parenteral 
pulmonary, nasal and oral. 

5 Further, as used herein "pharmaceuticaUy acceptable carrier" are weii known to those 
skilled in the art and tnclude, but are not hm.ted to, 0.01-0.1M and preferabiy 0.05M 
phosphate buffer or 0.8% saiine. Additionally, such pharmaceutical* acceptable earners 
may be aqueous or non-aoueous solutions, suspensions, and emuls.ons. Examples of 
10 non-aqueous solvents are propylene glycol, polyethylene glycol, vegetable oils such as 
olive oil, and injectable organic esters such as ethyl oleate. Aqueous carriers tnclude 
water aicoholic/aqueous solutions, emulsions or suspensions, including sahne and 
buffered media. Parentera, vehicles include sodium chloride solution, Ringer's dextrose, 
dextrose and sodium chloride, lactated Ringer's or fixed oils. Intravenous vehtc.es 
,5 include fluid and nutrient replemshers, electrolyte replenishers such as those based on 
Ringer's dextrose, and the hke. Preservatives and other additives may also be present, 
such as, for example, antimicrobials, antioxidants, collating agents, tnert gases and the 


like. 


20 T*e term "adjuvant" refers to a compound or mixture that enhances the immune response 
to an antigen. An adjuvant can serve asafssue depot that slowly releases the antigen and 
also as a lymphotd system activator that non-spectfically enhances the immune response 
(Hood e, al., Immunology, Second Ed., 1984, Benjamin/Cummings: Menlo Park 
California, „ 384). Often, a primary challenge with an antigen alone, in the absence of 
25 an adjuvant, will fail to elicit a humora, or cellular immune response. Adjuvant mclude, 
b „, are no, limited to, complete Freund's adjuvant, incomplete Frcund's adjuvant, 
sapontn, mmeral gels such as aluminum hydroxide, surface active substances such as 
lysolecithin, pluronic polyols, polyanions, peptides, oi, or hydrocarbon emulstons 
keyhole limpet hemocyanins, dinitrophenol, and potency useful human adjuvant such 
30 as BCG (bacille CalmeUe-Guerin) and CorynebaCerium parvum. Preferably, the 
adjuvant is pharmaceutical* acceptable. 
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Controlled or sustained release compositions include formulation in lipophilic depots 
(e g. fatty acids, waxes, oils). Also comprehended by the invention are particulate 
compositions coated with polymers (e.g. poloxamers or poloxamines) and the 
compound coupled to antibodies directed against tissue-specific receptors, ligands or 
5 antigens or coupled to ligands of tissue-specific receptors. Other embodiments of the 
compositions of the invention incorporate particulate forms protective coatings, protease 
inhibitors or permeation enhancers for various routes of administration, including 
parenteral, pulmonary, nasal and oral. 

10 When administered, compounds are often cleared rapidly from mucosal surfaces or the 
circulation and may therefore elicit relatively short-lived pharmacological activity. 
Consequently, frequent administrations of relatively large doses of bioactive compounds 
may by required to sustain therapeutic efficacy. Compounds modified by the covalent 
attachment of water-soluble polymers such as polyethylene glycol, copolymers of 
15 polyethylene glycol and polypropylene glycol, carboxymethyl cellulose, dextran, 
polyvinyl alcohol, polyvinylpyrrolidone or polyproline are known to exhibit 
substantially longer half-lives in blood following intravenous injection than do the 
corresponding unmodified compounds (Abuchowski et al., 1981;Newmarketal., 1982; 
and Katre et al., 1 987). Such modifications may also increase the compound's solubility 
20 in aqueous solution, eliminate aggregation, enhance the physical and chemical stability 
of the compound, and greatly reduce the immunogenic^ and reactivity of the 
compound. As a result, the desired in vivo biological activity may be achieved by the 
administration of such polymer-compound abducts less frequently or in lower doses 
than with the unmodified compound. 

Dosages The sufficient amount may include but is not limited to from about 1 ng/kg to 
about 1000 mg/kg. The amount may be 10 mg/kg. The pharmaceutically acceptable 
form of the composition includes a pharmaceutically acceptable carrier. 


30 


As noted above, the present invention provides therapeutic compositions comprising 
pharmaceutical compositions comprising vectors, vaccines, polypeptides, nucleic acids 
and antibodies, anti-antibodies, and agents, to compete with the pneumococcus bacterium 
for pathogenic activities, such as adherence to host cells. 
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The preparation of therapeutic composite which contain an active component, well 
understood in the art. Typically, such compositions are prepared as an aerosol of the 
poiypeptide dehvered to the nasopharynx or as injectabies, either as liquid solutions or 
suspensions, however, sohd forms suitable for solution in, or suspension in, liqutd pnor 
5 to injection can a,so be prepared. The preparation can a.so be emulsified. The active 
therapeutic ingredient is often mtxed with excipients whtch are pharmaceuticaUy 
acceptable and compatible with me active ingredient. Suitable excipients are, for 
example, water, saline, dextrose, glycerol, ethanol, or the like and combinations thereof. 
In addition, if desired, the composition can contain minor amounts of aux.liary substances 
,0 such as wetting or emulsifying agents, P H buffering agents which enhance the 
effectiveness of the active ingredient. 

An active component can be formulated into the therapeutic composition as neutralized 
pharmaceutical acceptable sal, forms. Pharmaceutical* acceptable sa,ts indude the 
15 acid addition sahs (formed with the free amino groups of the polypeptide or antrbody 
molecule) and which are formed with inorganic actds such as, for example, hydroch one 
or phosphoric acids, or such orgamc acids as acetic, oxalic, tartaric, mandelic, and the 
lik e Salts formed from the free carboxyl groups can also be derived from morgan* 
bases such as, for example, sodium, potassium, ammonium, calcium, or feme 
20 hydroxides, and such organic bases as isopropylamine, trimethylamine, 2-ethylamtno 
ethanol, histidine, procaine, and the like. 

A composition comprising "A" (where "A" is a single protein, DNA molecule, vector, 
etc) is substantia,* free of »B" (where "B» comprises one or more contamtnatmg 
25 proteins, DNA molecules, vectors, etc.) when at lea, about 75% by we gh, o the 
p roteins,DNA,vec,ors(dependi„gon,hecatego V ofspectestowhichAandBbe,on) 

in the composition is "A". Preferably, »A» comprises a, leas, about 90% by weigh, of the 
A+B species in the composition, most preferably a, leas, about 99% by weight. 

,o reduce by a. least about 1 5 percent, preferably by at least 50 percent, more preferab* 
by at least 90 percent, and most preferably prevent, a clinically significant defictt m the 
activity, function and response of the host. Alternatively, a therapeutically effective 
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^ is sufficient to cause an imp—, in a clinically significant condttron m he 
host in the context of the present invention, a deficit in the response of the host >s 
evidenced by continuing or spreading bacteria, infection. An improvement in a chmcaUy 
signi fiean, condition in the host inCudes a decrease in bactena, toad, c.earance 
bacteria from coionized host cells, reduction in fever or inflammatron assoctated wtth 
infection, or a reduction in any symptom associated with the bacteria, infect.on. 
According to the invention, me component or components of a therapeut.c composition 
of the invention may be introduced parenteral transmucosally, e.,, oraI,y, nasaUy, 
, p u,monarai,,y,orrec,a,,y,or^^ 

via intravenous injection, and aiso including, bu, is not limited to, mtra-arteno,, 
intramuscuiar, intradermal subcutaneous, intrapentoneal, in,ravent„cu,ar, and 
Intracranial administratto, Oral or pulmonary deiivery may be preferred ,0 
mucosai immunity; since pneumococci generally colonize the nasopharyngea, and 
5 pulmonary mucosa, mucosa, tmmunity may be a particmar.y effecttve preventtv 

th e present invention refers to physically dtscrete units suitable as umtary osage to 
humans, each umt containmg a predetermmed — of active matenal calculated ,0 


r vehicle. 


.nanother embodiment, the active compound can be delivered inavesiCe, in partrcu ar 
a,iposome(seeLa„ g er,Science249:1527-^^ 

25 York, pp. 353-365 (,989); Lopez-Berestein, ibid., pp. 3,7-327; see genera.ly tbtd). 

In y e, another embodiment, the therapeutic compound can be dehvered in a controlled 
release system. For examp,e, the polypeptide may be administered using tnt_ 
lnf usion, an implantable osmotic pump, a transderma, patch, fiposomes, or other modes 

CRC Crit Ref. Biomed. Eng. 14:20, (1987); Buchwald et al., Surgery 88:507 (,980), 
Saudek et a, N. Engl. J. Med. 321:574 (1989)). In another embodiment, polymenc 


(eds.), CRC Pres., Boca Raton, Florida (1974); Controlled Drug Bioavailability, Drug 
Product Design and Performance, Smolen and Ball (eds.), Wiley, New York (1984); 
Ranger and Peppas, J. Macromol. Sci. Rev. Macromol. Chem. 23:61 (1983); see also 
Levy et al., Science 228:190 (1985); During et al., Ann. Neurol. 25:351 (1989); Howard 
et al., J. Neurosurg. 71:105 (1989)). In yet another embodiment, a controlled release 
system can be placed in proximity of the therapeutic target, i.e., the brain, thus requiring 
only a fraction of the systemic dose (see, e.g., Goodson, in Medical Applications of 
Controlled Release, supra, vol. 2, pp. 1 15-138 (1984)). Preferably, a controlled release 
device is introduced into a subject in proximity of the site of inappropriate immune 
0 activation or a tumor. Other controlled release systems are discussed in the review by 
Langer (Science 249:1527-1533 (1990)). 

A subject in whom administration of an active component as set forth above is an 
effective therapeutic regimen for a bacterial infection is preferably a human, but can be 

5 any animal. Thus, as can be readily appreciated by one of ordinary skill in the art, the 
methods and pharmaceutical compositions of the present invention are particularly suited 
to administration to any animal, particularly a mammal, and including, but by no means 
limited to, domestic animals, such as feline or canine subjects, farm animals, such as but 
not limited to bovine, equine, caprine, ovine, and porcine subjects, wild animals (whether 

20 in the wild or in a zoological garden), research animals, such as mice, rats, rabbits, goats, 
sheep, pigs, dogs, cats, etc., i.e., for veterinary medical use. 

In the therapeutic methods and compositions of the invention, a therapeutically effective 
dosage of the active component is provided. A therapeutically effective dosage can be 
25 determined by the ordinary skilled medical worker based on patient characteristics (age, 
weight, sex, condition, complications, other diseases, etc.), as is well known in the art. 
Furthermore, as further routine studies are conducted, more specific information will 
emerge regarding appropriate dosage levels for treatment of various conditions in various 
patients, and the ordinary skilled worker, considering the therapeutic context, age and 
30 general health of the recipient, is able to ascertain proper dosing. Generally, for 
intravenous injection or infusion, dosage may be lower than for intraperitoneal, 
intramuscular, or other route of administration. The dosing schedule may vary, 
depending on the circulation half-life, and the formulation used. The compositions are 
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administered in a manner compatible with the dosage formulation in the therapeutically 
effective amount. Precise amounts of active ingredient required to be administered 
depend on the judgment of the practitioner and are peculiar to each individual. However, 
suitable dosages may range from about 0.1 to 20, preferably about 0.5 to about 10, and 

5 more preferably one to several, milligrams of active ingredient per kilogram body weight 
of individual per day and depend on the route of administration. Suitable regimes for 
initial administration and booster shots are also variable, but are typified by an initial 
administration followed by repeated doses at one or more hour intervals by a subsequent 
injection or other administration. Alternatively, continuous intravenous infusion 

0 sufficient to maintain concentrations of ten nanomolar to ten micromolar in the blood are 
contemplated. 

Administration with other compounds. For treatment of a bacterial infection, one may 
administer the present active component in conjunction with one or more pharmaceutical 
5 compositions used for treating bacterial infection, including but not limited to (1) 
antibiotics; (2) soluble carbohydrate inhibitors of bacterial adhesin; (3) other small 
molecule inhibitors of bacterial adhesin; (4) inhibitors of bacterial metabolism, 
transport, or transformation; (5) stimulators of bacterial lysis, or (6) anti-bacterial 
antibodies or vaccines directed at other bacterial antigens. Other potential active 
20 components include anti-inflammatory agents, such as steroids and non-steroidal anti- 
inflammatory drugs. Administration may be simultaneous (for example, administration 
of a mixture of the present active component and an antibiotic), or may be in seriatim. 

Accordingly, in specific embodiment, the therapeutic compositions may further include 
25 an effective amount of the active component, and one or more of the following active 
ingredients: an antibiotic, a steroid, etc. Exemplary formulations are given below: 

Formulations 


Intraveno us Formulation I 

Tngredient 

cefotaxime 

Polypeptide 


mg/ml 
250.0 
10.0 
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dextrose USP 
sodium bisulfite USP 
edetate disodium USP 
water for injection q.s.a.d. 

5 

Tntravenous For mulation II 

Tngredient 

ampicillin 

Polypeptide 
10 sodium bisulfite USP 

disodium edetate USP 

water for injection q.s.a.d. 

Tntravenous F ormulation III 

In gredient 
1 5 gentamicin (charged as sulfate) 
Polypeptide 
sodium bisulfite USP 
disodium edetate USP 
water for injection q.s.a.d. 

20 

Tntravenous For mulation IV 
Tngredient 
Polypeptide 
dextrose USP 
25 sodium bisulfite USP 
edetate disodium USP 
water for injection q.s.a.d. 

Tntravenous Fo rmulation V 
30 Tngredient 

Polypeptide antagonist 
sodium bisulfite USP 
disodium edetate USP 


45.0 

3.2 

0.1 

1.0 ml 


mg/ml 

250.0 

10.0 

3.2 

0.1 

1.0 ml 

mg/ml 
40.0 

10.0 

3.2 

0. 

1.0 ml 


mg/ml 

10.0 

45.0 

3.2 

0.1 

1.0 ml 


mg/ml 
5.0 
3.2 
0.1 


# 
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water for injection q.s.a.d. u m 

Thus, in a specific instance where it is desired to reduce or inhibit the infection resulting 
from a bacterium mediated binding of bacteria to a host cell, or an antibody thereto, or 
5 a ligand thereof or an antibody to that ligand, the polypeptide is introduced to block the 
interaction of the bacteria with the host cell. 

Also contemplated herein is pulmonary delivery of the present polypeptide having lectin 
activity which acts as adhesin inhibitory agent (or derivatives thereof), of the invention. 
[0 The adhesin inhibitory agent (or derivative) is delivered to the lungs of a mammal, where 
it can interfere with bacterial, i.e., streptococcal, and preferably pneumococcal binding 
to host cells. Other reports of preparation of proteins for pulmonary delivery are found 
in the art [Adjei et al. Pharmaceutical Research, 7:565-569 (1990); Adjei et al., 
International Journal of Pharmaceutics, 63:135-144 (1990) (leuprolide acetate); Braquet 
15 et al., Journal of Cardiovascular Pharmacology, 13(suppl. 5):143-146 (1989) 
(endothelin-1); Hubbard et al., Annals of Internal Medicine, Vol. Ill, pp. 206-212 (1989) 
(al-antitrypsin); Smith et al., J. Clin. Invest. 84:1145-1146 (1989) (a- 1 -proteinase); 
Oswein et al., "Aerosolization of Proteins", Proceedings of Symposium on Respiratory 
Drug Delivery II, Keystone, Colorado, March, (1990) (recombinant human growth 
20 hormone); Debs et al, J. Immunol. 140:3482-3488 (1988) (interferon^ and tumor 
necrosis factor alpha); Plate et al., U.S. Patent No. 5,284,656 (granulocyte colony 
stimulating factor)]. A method and composition for pulmonary delivery of drugs is 
described in U.S. Patent No. 5,451,569, issued September 19, 1995 to Wong et al. 

25 All such devices require the use of formulations suitable for the dispensing of adhesin 
inhibitory agent (or derivative). Typically, each formulation is specific to the type of 
device employed and may involve the use of an appropriate propellant material, in 
addition to the usual diluents, adjuvant and/or carriers useful in therapy. Also, the use 
of liposomes, microcapsules or microspheres, inclusion complexes, or other types of 

30 carriers is contemplated. Chemically modified adhesin inhibitory agent may also be 
prepared in different formulations depending on the type of chemical modification or the 
type of device employed. 
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Formulations suitable for use with a nebulizer, either jet or ultrasonic, will typically 
comprise adhesin inhibitory agent (or derivative) dissolved in water at a concentration of 
about 0.1 to 25 mg of biologically active adhesin inhibitory agent per ml of solution. The 
formulation may also include a buffer and a simple sugar (e.g., for adhesin inhibitory 
agent stabilization and regulation of osmotic pressure). The nebulizer formulation may 
also contain a surfactant, to reduce or prevent surface induced aggregation of the adhesin 
inhibitory agent caused by atomization of the solution in forming the aerosol. 

Formulations for use with a metered-dose inhaler device will generally comprise a finely 
divided powder containing the adhesin inhibitory agent (or derivative) suspended in a 
propellant with the aid of a surfactant. The propellant may be any conventional material 
employed for this purpose, such as a chlorofluorocarbon, a hydrochlorofluorocarbon, a 
hydrofluorocarbon, or a hydrocarbon, including trichlorofluoromethane, 
dichlorodifiuoromethane, dichlorotetrafluoroethanol, and 1,1,1,2-tetrafluoroethane, or 
combinations thereof. Suitable surfactants include sorbitan trioleate and soya lecithin. 
Oleic acid may also be useful as a surfactant. 

The liquid aerosol formulations contain adhesin inhibitory agent and a dispersing agent 
in a physiologically acceptable diluent. The dry powder aerosol formulations of the 
present invention consist of a finely divided solid form of adhesin inhibitory agent and 
a dispersing agent. With either the liquid or dry powder aerosol formulation, the 
formulation must be aerosolized. That is, it must be broken down into liquid or solid 
particles in order to ensure that the aerosolized dose actually reaches the mucous 
membranes of the nasal passages or the lung.. The term "aerosol particle" is used herein 
to describe the liquid or solid particle suitable for nasal or pulmonary administration, i. e. , 
that will reach the mucous membranes. Other considerations, such as construction of the 
delivery device, additional components in the formulation, and particle characteristics are 
important. These aspects of pulmonary administration of a drug are well known in the 
art, and manipulation of formulations, aerosolization means and construction of a 
) delivery device require at most routine experimentation by one of ordinary skill in the art. 
In a particular embodiment, the mass median dynamic diameter will be 5 micrometers or 
less in order to ensure that the drug particles reach the lung alveoli [Wearley, L.L., Crit. 
Rev. in Ther. Drug Carrier Systems 8:333 (1991)]. 


Systems of aerosol delivery, such as the pressurized metered dose inhaler and the dry 
powder inhaler are disclosed in Newman, S.P., Aerosols and the Lung, Clarke, S.W. and 
Davia, D. editors, pp. 197-22 and can be used in connection with the present invention. 


In a further embodiment, as discussed in detail infra, an aerosol formulation of the 
present invention can include other therapeutically or pharmacologically active 
ingredients in addition to adhesin inhibitory agent, such as but not limited to an antibiotic, 
a steroid, a non-steroidal anti-inflammatory drug, etc. 

Liquid Aerosol Formulations. The present invention provides aerosol formulations and 
dosage forms for use in treating subjects suffering from bacterial, e.g., streptococcal, in 
particularly pneumococcal, infection. In general such dosage forms contain adhesin 
inhibitory agent in a pharmaceutically acceptable diluent. Pharmaceutically acceptable 
diluents include but are not limited to sterile water, saline, buffered saline, dextrose 
solution, and the like. In a specific embodiment, a diluent that may be used in the present 
invention or the pharmaceutical formulation of the present invention is phosphate 
buffered saline, or abuffered saline solution generally between the pH 7.0-8.0 range, or 
water. 

The liquid aerosol formulation of the present invention may include, as optional 
ingredients, pharmaceutically acceptable carriers, diluents, solubilizing or emulsifying 
agents, surfactants and excipients. The formulation may include a carrier. The carrier 
is a macromolecule which is soluble in the circulatory system and which is 
5 physiologically acceptable where physiological acceptance means that those of skill in 
the art would accept injection of said carrier into a patient as part of a therapeutic regime. 
The carrier preferably is relatively stable in the circulatory system with an acceptable 
plasma half life for clearance. Such macromolecules include but are not limited to Soya 
lecithin, oleic acid and sorbitan trioleate, with sorbitan trioleate preferred. 

0 

The formulations of the present embodiment may also include other agents useful for P H 
maintenance, solution stabilization, or for the regulation of osmotic pressure. Examples 


5 


10 


of the agents include but are not limited to salts, such as sodium chloride, or potassium 
chloride, and carbohydrates, such as glucose, galactose or mannose, and the like. 

The present invention further contemplates liquid aerosol formulations comprising 
adhesin inhibitory agent and another therapeutically effective drug, such as an antibiotic, 
a steroid, a non-steroidal anti-inflammatory drug, etc. 

Aerosol Dry Powder Formulations. It is also contemplated that the present aerosol 
formulation can be prepared as a dry powder formulation comprising a finely divided 
powder form of adhesin inhibitory agent and a dispersant. 


Formulations for dispensing from a powder inhaler device will comprise a finely divided 
dry powder containing adhesin inhibitory agent (or derivative) and may also include a 
bulking agent, such as lactose, sorbitol, sucrose, or mannitol in amounts which facilitate 
15 dispersal of the powder from the device, e.g., 50 to 90% by weight of the formulation. 
The adhesin inhibitory agent (or derivative) should most advantageously be prepared in 
particulate form with an average particle size of less than 10 mm (or microns), most 
preferably 0.5 to 5 mm, for most effective delivery to the distal lung. In another 
embodiment, the dry powder formulation can comprise a finely divided dry powder 
20 containing adhesin inhibitory agent, a dispersing agent and also a bulking agent. Bulking 
agents useful in conjunction with the present formulation include such agents as lactose, 
sorbitol, sucrose, or mannitol, in amounts that facilitate the dispersal of the powder from 
the device. 

25 The present invention further contemplates dry powder formulations comprising adhesin 
inhibitory agent and another therapeutically effective drug, such as an antibiotic, a 
steroid, a non-steroidal anti-inflammatory drug, etc. 

Contemplated for use herein are oral solid dosage forms, which are described generally 
30 inRemington'sPharmaceutical Sciences, 18th Ed. 1990 (Mack Publishing Co. EastonPA 
18042) at Chapter 89, which is herein incorporated by reference. Solid dosage forms 
include tablets, capsules, pills, troches or lozenges, cachets or pellets. Also, liposomal 
or proteinoid encapsulation may be used to formulate the present compositions (as, for 


-52- 


example, proteinoid microspheres reported in U.S. Patent No. 4,925,673). Liposomal 
encapsulation may be used and the liposomes may be derivatized with various polymers 
(e.g., U.S. Patent No. 5,013,556). A description of possible solid dosage forms for the 
therapeutic is given by Marshall, K. In: Modern Pharmaceutics Edited by G.S. Banker 
5 and C.T. Rhodes Chapter 10, 1979, herein incorporated by reference. In general, the 
formulation will include the component or components (or chemically modified forms 
thereof) and inert ingredients which allow for protection against the stomach 
environment, and release of the biologically active material in the intestine. 

1 0 Also specifically contemplated are oral dosage forms of the above derivatized component 
or components. The component or components may be chemically modified so that oral 
delivery of the derivative is efficacious. Generally, the chemical modification 
contemplated is the attachment of at least one moiety to the component molecule itself, 
where said moiety permits (a) inhibition of proteolysis; and (b) uptake into the blood 
1 5 stream from the stomach or intestine. Also desired is the increase in overall stability of 
the component or components and increase in circulation time in the body. Examples of 
such moieties include: polyethylene glycol, copolymers of ethylene glycol and propylene 
glycol, carboxymethyl cellulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone and 
polyproline. Abuchowski and Davis, 1981, "Soluble Polymer-Enzyme Abducts" In: 
20 Enzymes as Drugs, Hocenberg and Roberts, eds., Wiley-Interscience, New York, NY, pp. 
367-383; Newmark, et al., 1982, J. Appl. Biochem. 4:185-189. Other polymers that 
could be used are poly-l,3-dioxolane and poly-l,3,6-tioxocane. Preferred for 
pharmaceutical usage, as indicated above, are polyethylene glycol moieties. 

25 For the component (or derivative) the location of release may be the stomach, the small 
intestine (the duodenum, the jejunem, or the ileum), or the large intestine. One skilled 
in the art has available formulations which will not dissolve in the stomach, yet will 
release the material in the duodenum or elsewhere in the intestine. Preferably, the release 
will avoid the deleterious effects of the stomach environment, either by protection of the 

30 protein (or derivative) or by release of the biologically active material beyond the 
stomach environment, such as in the intestine. 
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To ensure full gastric resistance a coating impermeable to at least pH 5.0 ,s essential. 
Examples of the more common inert ingredients that are used as enteric coatmgs are 
cellulose acetate trimellitate (CAT), hydroxypropylmethylcellulose phthalate (HPMCP), 
HPMCP 50 HPMCP 55, polyvinyl acetate phthalate (PVAP), Eudragit L30D, Aquatenc, 
5 cellu.oseaceta.ephtha.ate^APJ.EudragitL, Eudragit S, and Shel.ac. These coatmgs 
may be used as mixed films. 

A coating or mixture of coatings can also be used on tablets, which are no. intended for 
protection against the stomach. This can include sugar coatings, or coatings which make 
10 the tablet easier to swallow. Capsules may consist of a hard shel! (such as gelattn) for 
delivery of dry therapeutic i.e. powder; for liquid forms, a soft gelatin shell may be used. 
The shell material of cachets could be thick starch or other edib.e paper. For ptlls, 
lozenges, molded tablets or tablet triturates, moist massing techniques can be used. 

,5 Thepeptidemerapeuticcanbeincludedinmeformmauonasfinemultiparticulatesinme 
form of granules or pellets of parade size about 1mm. The formulation of the matertal 
for capsule admhustration could also be as a powder, lightly compressed plugs or even 
as tablets. The therapeutic could be prepared by compression. 

20 Colorants and flavoring agents may all be included. For example, the protein (or 
derivative) may be formulated (such as by liposome or microsphere encapsulation) and 
then further contained within an edible product, such as a refrigerated beverage 
containing colorants and flavoring agents. 

25 One may dilute or increase the volume of the therapeutic with an inert material. These 
diluents could inc.ude carbohydrates, especially manni.ol, a-.ac,ose, anhydrous lactose, 
cellulose, sucrose, mod,fied dextran and starch. Certain inorganic salts may be a!so be 
used as fillers including calcium triphosphate, magnesium carbonate and sodtum 
chloride. Some commercially available diluents are Fast-Flo, Emdex, STA-Rx 1500, 
30 Emcompress and Avicell. 

Disintegrants may be included in the formulation of the therapeutic into a solid dosage 
form. Materials used as disintegrates include but are not .imited to starch, includmg the 


commercial disintegrant based on starch, Explotab. Sodium starch glycolate, Amberhte, 
sodium carboxymethylcellulose, ultramylopectin, sodium alginate, gelatin, orange peel, 
acid carboxymethyl cellulose, natural sponge and bentonite may all be used. Another 
form of the disintegrants are the insoluble cationic exchange resins. Powdered gums may 
be used as disintegrants and as binders and these can include powdered gums such as 
agar Karaya or ttagacanth. Alginic acid and its sodium sal. are also usefttl as 
disintegrants. Binders may be used to hold the therapeutic agent together to form a hard 
table, and include materials from natural products such as acacia, tragacanth, starch and 
ge,atin Others include methyl cellulose (MC), ethyl cellulose (EC) and carboxymethyl 
cellulose (CMC). Polyvinyl pyrrolidone (PVP) and hydroxypropylmethyl cellulose 
(HPMC) could both be used in alcoholic solutions to granulate the therapeutte. 

An antifrictional agent may be included in the formulation of the therapeutic to prevent 
sticking durtng toe formulation process. Lubricants may be used as a layer between the 
i therapeutic and the die wall, and these can ine.ude but are not limited ,o ; steanc actd 
including its magnesium and calcium salts, polytetrafluoroethylene (PTFE), hqurd 
paraffin, vegetable oils and waxes. Soluble lubricants may also be used such as sodtum 
iauryl sulfate, magnesium lauryl sulfate, polyethylene glycol of various mo.ecular 
weights, Carbowax 4000 and 6000. 

Olidants.hatmightimprovemenowpropertiesof.hedrugduringformulationand.oaid 
rearrangement during compression mightbe added. The glidants may include starch, ,alc, 

pyrogenic silica and hydrated silicoaluminate. 

25 To aid dissolution of the therapeutic into the aqueous environment a surfactant might be 
added as a wetting agent. Surfactants may include anionic detergents such as sodmm 
lauryl sulfate, dioctyl sodium sulfosuccinate and dioctyl sodium sulfonate. Cattomc 
detergents might be used and could include benzalkonium chloride or benzeftormum 
chloride The lis. of potential nonionic detergents that could be included m the 

30 formulation as surfactants are lauromacrogol 400, polyoxyl 40 s.eara.e, polyoxyethylene 
hydrogenated castor oil 10, 50 and 60, glyeerol monosteaxate, polysorbate 40, 60, 65 and 
80 sucrose fatty acid ester, methyl cellulose and carboxymethyl cellulose. These 
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5 


10 


15 


or as a mixture in different ratios. 

Add i,ives which PC— enhance uptake of the polypeptide (or denvative) ate for 
instance the fatty acids oleic acid, linoleic acid and linolenic actd. 

Penary DeU^ry. Aiso contemplated heretn is pulmonary dehvery of the present 

report s of this mCude Adjei et ai., 1990, Pha.ntaceu.ica, Research, 7.56 -569, Ad^t 
ll !990, IntemationaUourna, of Phar—, 63,35,44 — 
I,., et ,989, .urnal of Card— Pharmacology, ^ 
(endothelin-1); Hubbard et al, 1989, Annals of Interna. Medtcne, Vol. IB, pp. 2,2 
S itryp n); Smith e, a,., ,989, , Cli, .vest. 84,145,146 (a l-protetnas, 
O wein e! al., !990, "Aerosolization of Protems", Proceedings of Symposnrm on 

„ ,Y Debs e, al 1988, J. Immunol. 140:3482-3488 (m.erferon-g and tumor 
20 systemic effect is described in U.S. Patent wo. j, 


Wong et al. 


25 


30 


Contemplated for use in the practice of this invention are a wide range of mechamca 
HI designed for pulmona, dehvery of therapeutic products, mclu mg « no 
limit ed to nebulizers, metered dose inhaiers, and powder mhalers, al, of winch 
familiar to those skilled in the art. 

Portions suitable for use with a nebulizer, either Jet or ultrasonic, w,,l typically 
oTprise polypeptide (or derivative) dtssolved in water a, a concentration of about , 
o" mg of b ologically active protein per mL of so.utio. The formulation may also 
1 ude a buffer and a simple sugar (.,, for protein stab.lization and regulation o 
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prevent surface induced aggregation of the protein caused by atomization of the sohttion 

in forming the aerosol. 

Formulations for use with a metered-dose tnhaler device win general* comprise a finely 
5 divided P owdercontaini„g.hepoly P ep.ide(o I de ri vat,ve)suspended,naprope..a,twt,h 

, h e aid of a surfactant. The propellant may be any —tonal material employed for 
, his purpose, such as a chlorofluorocarbon, a hydrochlorofluorocarbon a 
hydrofluorocarbon, or a hydrocarbon, including trichlorofluoromethane, 
dichlorodifluoromethane, dichlorotetrafluoroethanol, and U^-tetrafluoroethane or 
.0 combinations thereof. Suitable surfactants include sorbitan trioleate and soya leothm. 
Oleic acid may also be useful as a surfactant. 

Formuiations for dispensing from a powder inhaler device wil, comprise a finely dtvided 

, 5 such as lactose, sorbitol, sucrose, or mannitol in amounts which facilitate dispersa, of *e 
powder from the device, ,g., 50 to 90% by weight of the formulation. The protetn (or 
derivative) should most advantageously be prepared in parttcuiate form with an average 
particle size of iess than 10 mm (or microns,, mo, preferably 0.5 ,0 5 mm, for most 

effective delivery to the distal lung. 

20 Nasal Delivery. Nasal or nasopharyngeal delivery of the polypeptide (or derivative) is 
also contemplated. Nasal delivery allows the passage of the polypeptide directly over the 
upper respiratory tract mucosal after administering the therapeutic product ,0 the nose 
Jithoutthenecessityfordeposittonoftheproductin the lung. Formulations for nasal 
25 delivery include those with dextran or cyclodextran. 

r ^ rFP ,^ g |v.TAl DF.TAIT ,S SF.CT10M 
EXAMPLE 1 : Peptide truncates of choline binding protein A (CbpA) 

generated. Full length CbpA was amplified w,th PGR primers SJ53, and SJ537 the 
primers were designed based on the derived N-terminal amino acid sequence of the CbpA 


polypeptide. 5' forward primer SJ533 = 5' GGC GGA TCC ATG GA(A,G) AA(C,T) 
GA(A,G) GG 3'. This degenerate primer designed from the amino acid sequence 
XENEG incorporates both BamHI and Ncol restriction sites and an ATG start codon. 
3'reversepnmerSJ537 = 5-GCC GTC GAC TTA GTT TAG CCA TTC ACC ATT 
5 GGC 3'. This primer incorporates a Sail restriction site for cloning purposes, and the 
natural stop codon from CbpA, and is based on both type 4 and R6x sequence. 

PGR product was generated from genomic DNA as a template with primers SJ533 and 
SJ537 amplified 30 cycles with an annealing temperature of 50°C using High Fidelity 
10 enzyme (Boehringer Mannheim). The resulting PCR products were purified using 
QIAquick PCR Purification Kit (Qiagen, Inc.) then digested with BamHI and Sail 
restriction enzymes and cloned into the P QE30 expression vector (Qiagen, Inc.) digested 
with BamHI, Xbal, and Smal restriction enzymes. 

15 Polypeptide R2: 

The naturally occuring Pvull site at the end of the second repeat region, namely the C 
region as shown in Figure 1 , (nucleic acid 1228 of Type 4 sequence) was explorted to 
create a truncated versron of the cbpA gene, containing only the 5' portion of the gene. 

20 To create the truncate done, the Ml length clone PMI580 (Type 4) or PMI58 1 (R6x) was 
digested with Pvull and Xbal, the resulting fragment was ligated into the expressron 
vector PQE30 and transformed into the appropriate host. The protein was expressed and 
purified In this instance the stop codon utilized by the expression vector is downstream 
of the insert, so the protein expressed is larger than the predicted size of the insert due to 

25 additional nucleic acids at the 5' end of the cloning site. The amino acid sequence of 
polypeptide R2 is set forth in SEQ ID NO 1 . 

polypeptide Rl: 

30 A similar strategy was used to express only the first repeat region within the N-terminal 
region of CbpA, namely the A region of polypeptide Rl . Here the naturally occunng 
Xmnl site between the two amino repeats (nucleic acid 856 of the Type 4 sequence) was 
utilized. cbpA full length clone PMI580 was digested with Xmnl and Aa.II. The vector 
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pQE30 was digested with Aatll and Smal. Once again the two sized fragments were 
ligated, transformed into E. coli and clones screened for inserts. One positive clone was 
selected and recombinant protein purified from this stain. 

5 All polypeptides were expressed and purified with the Qia Expression System (Qiagen) 
using an E. coli the pQE30 vector. The amino terminus of the His tagged proteins are 
detected by host and Western analysis using both anti-histidine antibodies and protein 
specific antibodies. 


10 Purification of Rl and R2 : 


To induce production of and purify recombinant proteins from E. coli a single colony was 
selected from plated bacteria containing the recombinant plasmid and grown overnight 
at 37° in 6.0 mis LB buffer with 50ug/ml kanamycin and lOOug/ml ampicillin. This 6.0 
ml culture was added to 1L LB with antibiotics at above concentrations. The culture was 
shaken at 37° C until A 600 = -0.400. 1M IPTG was added to the 1L culture to a final 
concentration of ImM. The culture was then shaken at 37°C for 3-4 hrs. The 1L culture 
was spun for 15 min at 4000 rpm in a model J-6B centrifuge. The supernatant was 
discarded and the pellet stored at -20 °C. 

The 1L pellet was re-suspended in 25 ml 50 mM NaH 2 P0 4 , 10mM Tris, 6M GuCl, 
300mM NaCl, pH 8.0 (Buffer A). This mixture was rotated at room temperature for 30 
minutes and sonicated on a (VibraCell Sonicator (Sonics and Materials, Inc., Danbury, 
CT) using the micro tip, two times, for 30 sees, at 50% Cuty Cycle and with the output 
setting at 7. The mixture was spun 5 min at 1 OK in a JA20 rotor and the supernatant 
removed and discarded. The supernatant was loaded onto a 1 0 ml Talon (Clonetech, Palo 
Alto, CA) resin column attached to a GradiFrac System (Pharmacia Biotech, Upsala, 
Sweden). The column was equilibrated with 100 ml Buffer A and washed with an 
additional 200 ml of this buffer. A volume based pH gradient using 100% 50 mM 
NaH 2 P0 4 , 8M Urea, 20mM MES, pH6.0 (Buffer B) as the final target buffer was run over 
a total volume of 100 ml. Protein eluted at -30% Buffer B. Eluted peaks were collected 
and pooled. 
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For refolding, dialysis was carried out with a 2L volume of PBS at room temperature for 
approximately 3 hrs using dialysis tubing with a molecular weight cutoff of 14,000. The 
sample was then dialyzed overnight in 2L of PBS at 4°C. Additional buffer exchange 
was accomplished during the concentration of the protein using Centriprep-30 spin 
columns by adding PBS to the spun retenate and re-spinning. The protein concentration 
was determined using the BCA protein assay and the purity visualized using a Coomassie 
stained 4-20% SDS-PAGE gel (Figure 3). 

EXAMPLE 2: Lectin activity of polypeptides Rl and R2 

LNnt is a carbohydrate analog of the receptors for pneumococci present on eukaryotic 
cells. It has been shown that a CbpA defective pneumococcal mutant failed to adhere to 
either eukaryotic cells or immobilized sugar indicating that CbpA is the adhesive ligand. 
CbpA is a modular protein that can be divided into two regions: the N-Terminal 
functional domain and the C-terminal choline binding domain (Figure 1). Polypeptides 
Rl and R2 were analyzed for biological activity to determine if the activities of the entire 
CbpA were localized in the unique N terminus (modelled by R2) or a fragment thereof 
(modelled by Rl). It was determined whether or not the N-terminal domain alone (R2) 
contained the lectin binding biological activity in the absence of the choline binding 
domain (CBD). This was tested using the full length CbpA and polypeptide R2 (truncate 
missing the CBD region beyond the Pvu II site in the proline rich region). 

The assay was to coat tissue culture wells with glycoconjugates known to be recognized 
by CbpA: LNnT-albumin, 3' sialyl lactose-albumin, and the negative control albumin. 
The plates were then blocked with the albumin, washed and either full length CbpA 
Polypeptide R2, or polypeptide Rl were added for 15 minutes (0.8 ug/ml), then, without 
washing, fluoresein labelled R6 pneumococci were added for 30 minutes, washed and 
adherent bacteria counted visually. 

Binding of R6 to carbohydrate without any peptide addition was the positive control and 
was calibrated at 100% (Table 1). In three separate experiments, CbpA full length or 
Polypeptide R2 competitively inhibited binding of pneumococci to LNnT coated surfaces. 
CbpA full length inhibited to 71 64% and 6 3% of control: polypeptide R2 inhibited to 


65% 53% and 74% of control. The equivalent activity of CbpA and R2 indicates the 
choline binding domain is no. necessary for LNnT lectin activity of CbpA, and tha, R2 
is a candidate LNnT lectin. 

In contrast to binding to LNnT, binding of pneumococci to 3' sialyl lactose was not 
inhibited by R2 (79 and 101%) compared to the full length CbpA (74 and 66%). Th,s 
indicates tha. the sialic acid recognition activity is lost when the CBD is missing. In 
contrast Rl seems to be active in recognition of sialic acid, a property shared with CbpA 
bu, apparently masked in R2. This indicates that folding of polypeptide into functional 
domains is influenced by the composition and length of the polypeptide. Slight sequence 
variation is found in other strains (see Figure 2). Given the high degree of homology of 
sequence between Rl and R2, it is further possible that both Rl and R2 are needed for 
lectin activity or that they are both lectin with slightly different specificities (± s.ahc 
acid). 
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Table 1 

Inhibition of Binding of R6 pneumococci to purified glycoconjugate 
by soluble forms of CbpA 


Cbp form 


LNnT 


No peptide 


# pneumococci 
per monolayer 
(SD) 


3282 

2421 (489) 
2210 (350) 


% control 


3' sialyl lactose 


# pneumococci 
per monolayer 


Full length 
CbpA 


Polypeptide 
R2 


2075 

1740 (167) 
1415 (50) 


63, 71, 64 


2611 

2115 (125) 


Polypeptide 
Rl 


2461 

1288 (672) 
1440 (530) 


3002 . 
2245 (182) 
2500 (310) 


74, 53, 65 


91, 92, 112 


1933 

1405 (240) 


control 
peiwell 


100% 


2639 

1670 (420) 


1052 

1445 (526) 


101 
79 


N = 3 experiments LNnt each 3 wells 
N = 2 experiments SiL each 3 wells 

Lectin activity correlates with cell binding activity 

Human cells bear surface molecules that contain carbohydrates (glycoprotein, and 
glycohpid) and bacteria bind to these glycoconjugates by the carbohydrate despite very 
different protein or lipid backbones. Thus, bacteria bearing polypeptide with lectin 
activity in vitro can adhere to human cell surfaces. This direct correlation between m 
vitro lectin activity and cell binding action is known for pneumococci. For example, 
LNnT competitively inhibits binding of pneumococci to TNF activated A549 human lung 
cells and blocks the progression of pneumonia in vivo. To establish that the lectm 
activity of truncates of CbpA reflects cell, binding activity, CbpA and truncates were 
tested for inhibition of binding of pneumococci to lung cells (Table 2). Full length 


CbpA and polypeptide R2 competitively inhibited adherence of pneumococc, to lung 
cells to 58% and 63% of controls respectively. Polypeptide Rl was not effect™, 
indicating the LNnt binding activity of R2 is needed for and explains pneumococcal 
binding to lung cells. 
Table 2 



A549 Lung 


— . 

Cbp form 

# pneumococci per monolayer (mean) 

% control 

No peptide 

697,704,674 

100% 


702,722 



(700) 


Full length CbpA 

376,431 

58% 


(403) 


Polypeptide R2 

517,693 

63% 


314,342,350 



(443) 


Polypeptide Rl 

696,642,552 

90% 


(630) 



N - 2 experiments of 2 or 3 wells each 


LNnT Lectin activity is dependent on R2 

The N-terminal region of CbpA contains two repeats of -110 amino acids each (see 
Figure 1 regions A and C within polypeptide R2). To study the relative contribute of 
the two domains to bio-activity Rl , containing only domam A was compared to R2 and 
full length CbpA. When tested in the adherence assay, polypeptide Rl did not tnhtbit 
adherence to LNnT a. all (91 , 92, artd 1 12% of wild type). However, polypeptide Rl 
demonstrated some inhibition of bindtng to Sialyl lactose (68 and 40% of control). Thts 
demonstrates that the polypeptide R2 is required for LNnT lectin activity and R2 ts a 
candidate LNnT lectin domain. In contrast Rl seems to be active in recognition of stahc 


acid . 


Antibodies to N-terminal Domain of CbpA Block Cell Binding: 


Given that the N-terminal domain of CbpA binds cells, interference with the N-termmal 
domain activity wnl prevent or reverse bacterial binding to cells or punfied 
5 glycoconjugates. One such mechanism of interference is antibody. 

Table 3 Inhibition of binding of R6 pneumococci to LNnT coated surfaces by 
anti-CbpA R2 antibodies 


Prelmmune Antibody 


Antibody to Truncate R2 


# pneumococci per 
monolayer (SD) 


% control (mean) 


198(64); 88(4) 


56 (11); 9 (2) 


100% 


28%; 10% 


5 nl of rabbit antibody undiluted + 5 ul 2 x 10' R6x Preincubate, 0 at Kt x ,o „„■„ ..en 
add to LNnT coated wells for adherence assay. Two independent experiments are shown. 

1 5 Antisera raised ,0 the recombinant N-terminal domain of CbpA (R2) was tested for the 
ability to block adherence of pneumococc, to LNnT. Rabbit polyclonal ant, CbpA 
antisera (5ul) plus 5ul of 2 x 10' of labeled bacteria were incubated at room temperature 
for 30 min. This mixture was overlaid onto immobilized LNnT for 30 min., and then 
washed 3 times with PBS to remove unbound bacteria. Bacteria bound to the plates were 
20 enumerated microscopically and results are presented as the mean values plus the 
standard deviation from six wells. Results shown in Table 3 demonstrate that anttsera 
raised against the R2 polypeptide blocked the binding of pneumococci to LNnT. Ftgure 
5 demonstrates a titration curve of preimmune versus anti-CbpA R2 antibody for 
inhibitionofbindingofpneumococdR6x«othe model receptor LNnT. Greater than 70% 
25 of pneumococcal adherence was blocked by anti-R2 a, dilutions of 1 : 100 and 1 :200. 
Further dilution to 1 :400 eliminated activity indicating the specificity of the effect. 

The CbpA used ,0 prepare the antisera shown in Table 3 and Figure 5 was raised against 
CbpA from serotype 4. The R6x strain pneumococci used in the inhibition of adherence 
30 assay was derived from serotype 2. The ability of the antibody to block adherence of a 


# 
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Actt vi«yo f ^bodies to „a«ive conformation of N terminus of CbpA: 

pyococcus, as escnbe. ~ ^ ^ ^ fcy 

, 5 fold differently. Snarly, CbpA used as P Given 

th ese con— s, U may be advantageous to pro uce b A 

therapeutic or an immunogen. 

, rhnA can be used as an immunogen and antisera to the active 

moving anttbodtes ,0 the BD b W ^ ^ ^ ^ ^ 

mcubating 200, ul serum wrth 1 x U> CbpA defe ^ ^ 

other choline binding proteins on this mutant absorb out anti CBD 

To demonstrate the broach of absorbed ant, ™^J£^Z 
absorbed antiserum to b,oc k pneumococcal adherence to the mode, recep. 


20 


25 
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j >u i-fidfi dilution of antiserum and 
determined. R6x pneumococci were incubated with 1-600 

then added to wells coated with LNnT albumin. 


T hie 4 m^M^^^^^ m . ell± , 

^ili ^==^^^^^l^umber of pneumococci per well ± 

| Antisera (1:600) 

SD (% of control) 


No antibody 
Prelmmune antiserum 


Anti CbpA antiserum 
Anti CbpA antiserum absorbed 
remove Q3Dantibodies_ 


563 ±11 (100%) 



175 ±38 (31%) 


ofFigure 5 which was mactwe at 1.600 , n , mdv of Figure 5 . Baseline 

tthe various dilutions indicated yielded decreased adherence. 


25 


EXAMPLE 3: Passive Protection With An,i-R2 Antiserum 


Rabbit immune sera agamst pdypepttde R2 (Cbp 
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boost of 125 ng R2 in Incomplete Freund's Adjuvant on day 21 and bled on day 3 1 . A 
second rabbit was similarly immunized with purified CbpA. 

Passive Protection in Mice. 

5 C3H/HeJmice(5/group) were passively i~ed intraperitoneal by with 100 ul of 
a 1 -2 diiution of rabbi, anti R2 or preimmune sera in sterrle PBS ( P re-immune and day 
3 1 immune sera). One hour after administration of serum, mice were challenged wrth 
, 600 CPU Streptococcus pneumoniae serotype 6B (stmin SP317). Mice were momtored 
for 14 days for survival. E.ghty percent of the mice immunized with rabbit immune 

,0 serumrai S edagains.polypeptideR2 survived chaUenge (Figure 4). Ail mice immunized 
with pre-immune rabbit serum were dead by day 7. 

This data demonstrates that antibodies specific for CbpA are protectee against 
systemic pneumococcal infection. The data mrther indicate that the cho.ine-bindtng 
15 region is not necessary for protection, as antibody specific for the truncated protem 
polypeptide R2. lacking the conserved choline binding repeats, was sufficient for 
protection. In addition, serum directed to CbpA of serotype 4 was protective agamst 
challenge with serotype 6B. 

20 EXAMPLE 4: Active Protection With An,i-Rl Antiserum 

C3H/HeJ mice (10/group) were immunized intraperitoneally w.th CbpA truncate 
protein R! (15 ,g in 50 ,1 PBS, plus 50 ,1 Complete Freund's Adjuvant). A group of 
10 sham immunized mice received PBS and adjuvant. A second immunization was 
administered four weeks later, 15 ,g protein i.p. with incomplete Freund's Adjuvant 
(sham received PBS plus IF A). Blood was drawn (retro-orbital bleed) at weeks 3, 6, 
and 9 for ana,ysis of unmune response. The ELISA end point anti-CbpA truncate titer 
of pooled sera from the 10 CbpA immunized mice at 9 weeks was 4,096,000. No 
antibody was detected in sera from sham immunized mice. Mice were challenged at 
week 10 with 560 CFU Streptococcus pneumoniae serotype 6B (stram SPSJ2p, 
provided by P. Flynn, St. Jude Chudren's Research Hospital, Memphis, TN). M.ce 
were monitored for 14 days for survival. Eighty percent of the mice immunized w.th 


25 
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CpA — protein Rl survived challenge. AH sham — mice we, dead 
by day 8 (Figure 7). 

Th isdatademon,r,es tha.in— . -- « — -**-««^ 

production of specific an.ibod.es capable of protecting against system* pneumcocca 

necessary for protection, as the immunogen is the truncated prote.n Rl . Add.t.onaly^ 
ZZs suggest that a singie amino tennina, repeat may he suffice* to ehc.t 
the a]sQ demonsrated as the recombtnant 

was observed following challenge with a serotype 6B tso.ate. 

EXAMPLE S Prophy.a.isagainstnasopha^ngealco.oniza.ionin.heinfan, 

rat , 
5 In vitro the N termmal domain of Cb P A competitively inhibited pneumococca 

Ttre administered truncate pep,.des, then challenged with pneumococc, and 
colonization of the nasopharynx was evaluated. 

20 Rat swere.rea.edin,ranasW 

Tor no protei, 15 mm later Type 3 pneumococc. (Strain Sill) (10 ,1 contamm 
) efer) were introduced —ally. To determine the ability of the polypept.de to 
Li ively inhib.t pneumococcal adherence and colonization, nasal washmg wa 

tmecuiuu/ > OQO r u art eria 10ul (48% of control), 

decrease (3600, 3500, 2500, 2100) to mean 2925 bactena 10, 
A m m a.s.rea te d™,htruncateR.a,soshoweddecreasedco,onrza. 1 on ( 5000,4800,3500, 

1600) to mean 3725 (61% of control). 

Thrsexperimen. demonstrates ,ha, adminis tt ation of the peptide of .he instant invention 
to aninl in a .herapeu.ic study design .0 animals can pro.ec. agamst su b se q uent 
pneumococcal challenge. 
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Discussion: 


O 

CO 20 


Asdemonstratedby the experiments, poiypeptide R2 when: !) a^s^d as a vaccine 
5 antigen dicta protective antibodies and is a preferred composition for a vaccne 

, a „, n ,iHe to the respiratory tract and/or nasopharynx 
formulation; and 2) delivered as a pept.de to the resprr ry 

re cep,or, competitively prevents pneumococca! attachment and , a preferred 
composition for a prophylactic and therapeutic a g en, against 

disease. Also, truncates of CbpA function as lectins without the CBD. Two 

repeat (A). The truncate contaming the N-.erminal repeat polypept.de Rl and R2 
demonstrates lectin activity in cell culture assays as well. 

15 .mportan, features of polypeptide R2 activity include. 1) complete correlation of 
hioactivity of polypeptide R2 and fu.l length Cb P A for recogmtton of punfied 
gl ycoconjugate receptor analogs, lung cells and a,ima, models. Correlafon , also 
demonstrated for antibodies to them; and 2, cross protection between type 4 dertved 
agents and bacteria in in yUro assays using other serotype (e.g. 6B and 2) wh.ch , 
important for useful vaccine, prophylactic and therapeutic modaht.es. 


